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1 
ttm pr»t«nt tb««is Incliutos tb« Us«r Ammm ftod 
lfifrar«d 9ptotra of 1-fXuoro 2t)f-<llQltrolHios«n«t 9-
fXaoreao«toi>b»iKiii«t benxjfi b«nsoai«» btoiolo aeidf 
pbtballo iiold and laiio/Xlc «eld and infrarad apaetn 
of attbyl baosoata, o-wthyXanlllnat a^oattvlaniliQat 
H-iiwtbylaniUna <ind di*»tiijr3LanlXlna* Vibrational f»t* 
quanoiaa cibservad in tba lasar liasan apactra bata baan 
oorralatad wltb tboaa obt^ iinad in tba infrarad apaatra* 
Wa bava atartad idtb tbe OaoaraX mtroductioo. 
fbia part daala witb tba gaoariiX tbatary of tba moiMonlAt 
vibrationa obstrvad in tba infrarad a»i Basan apaotra of 
pelyatoaio oolaculaa vitb particular ai^buaia on tba 
vibrsitional apaotra of bansaot vbicb providaa a guiding 
lina for tbe atadiaa in tba vibrational apaotra of 
atibatitotad baoaanaa and otbar aisilar sioXaoolaa. 
Cbaptar X inoXudaa tba Xaaar Baaian and infrarad 
apaotra of l-fXuoro atWdioitrObanxana. «M baTO anaXjraad 
tba ground atata vibraticma of tbia aoXacula «lbMWw4. 
ia tba infrarad apaatrua wltb tba baXp of Xaaar Hasan 
•ibrationa. DapoXarisatioo ratioa bava baao oaXeuXatad 
tfitb tba baXp of poXariaad and dapolarisad Xaaar ilaaas 
apaatra. Soaa prtvioua aasignaanta aada aarXiar in 
tba infrarad apaotrua bava baan modifiad talcing into 
aoeoont tba vaXuaa of dapoXariaation ratioa. C-F atratcbiog 
II 
vibration baa teto cibtaia«4 at 1230 or*'* in tba 
InfTarad apaotrua tfltb atroof iotcosity wbaraaa ita 
valita lo tba Baoan apactra baa baan found at 123d oa*^ » 
^jTi^ atriaa of vibrationa bava baan conflraad vltb tbt 
balp of tba valuat of da polarlaatl<9ii ratioa* Our r^t^a^reh 
papar on *'X«8«r uasan and Xnfrarad spaotra of 1-fltiortt* 
2t^*dliiltrob«02aiia" baui baan imbXlabad in apaotrooblt^ t 
4ota, ^k» 35 (1979). 
IQ tba IX Qiaptary wa bava glvao tba lasar aanan 
an iofrarad apaotra of p-fluoroaoat^anona. Wa bava 
asslgntd tba Viiri^a grotsid atata vlbrationa ctoaenrad 
in tba iofrarad and Hanan apaetra to tbt v^ iMoua ooraaX 
aodea of vibrations of the sc^ slacula* C « 0 atratobing 
vibration ^t 1690 OA~^  baa ba«in found vitb strong intansity 
in tbt infrarad apaotma. Its vaitta in tba Haiiaao apaotra 
bas baan Qbs«rvad at 1689 car'** A raaaareb papar 00 
"Zasar Haaan and Infrarad iapaotra of p*fluoroacat^banona" 
bas baan praaantad in tba Vltb International Confaranoa 
on Haman Spaotrosaopy bald at BangaXora in aaptaobart 1978. 
fii tba III Cbaptart «• bava raportad tba laaar 
fiaaan and infrarad apaetra of banayl bsnsoata and tba 
infrarad apaotrua of aatbyl banaoata. Tibrational trw" 
quaneias obtaiaad in tba infrarad spaotrua of bansyl 
bansoata bava baan oorrelatad witb tba ground stata 
vibrations caibs^ rvad in tba Haaan spaotra. ding braatbing 
l U 
groaad ttat* vibratlao baa baan idaotiflad at 100U ewr^ 
wltb a atrong intaoalty la tb* lofrartd ap«etru«* tba 
TaXita of tbla Araquaoogr in tb« laaar Eaatto apaetra i t 
1002*57 otf*''* Orouoa atate TlbratloBa obserrad in tba 
iofrarad ap«ctrtta of satbjrl baoaoata bava baao oorralatad 
tfitb tba vibrationa of a«aan apactra raportad aarliar. 
A vary strong fretiuancyr ID tbe infrarad apaotrua at 
1600 cwr"^ ba« ba«o oorralutad ^tb 1603 oar** observad 
In tba Easaan apactrua. fbia fraquanoy baa baao aaslgn«d 
to C-C ring atratcblog moda of vlbratloo. 
Infrarad apaotra of oHitotbjrlanllloat a-wtbjrXaDillDat 
K^a t^bjrla&iUna aod dl-aetbylanlllna bava ba«n raportad 
lo tbt Cbmptar W. around stata H-B syiamatrio atratobJlog 
7lbrati<ma bava ba«Q idantiftad at 3^0 oa*'* and 3360 ca*^ 
for o*attbyl.anlllfia and a-flatbylaniXina raapaotlvaly* 
Tbo S-B aajraaatrio atratoblog vibrations bsiW ba«n idao* 
tifiad at 3)f60 oa**** 3M»0 cm"'* and ^ t 5 oa*1 raap«otivalj 
for e-a»tbylaniXiaai a-aatbjrlaoilioa and M-a»tbylanillna 
vitb atrong intansitiat* Tbaaa art tba ebaraotariatio 
vibrationa aatooiatad i#itb anilina and aubatitatad 
anlXinaa* XIM ring braatbing ground atata vibrationa 
bava baan Obaarvad in tba abova aantionad aolaculai at 
1030 oa*^ » 990 ea*1» 988 oa*'' and 990 ca-1 retpaetivaljr 
tfitb vtf atrong intanaitiaa* 
la tba Cbaptar V» tba laaar Baaan and infrarad 
vV 
•ptetr* of Istfixole »eid| pbtbaUe meld and ««Iic|rIio 
acid tiairt b««ii r«port«d» Obaraetttrlstlo C*OOCB ground 
stato vibrations hmv« b««ti olit«in«d at 260 owT'^i 2$0| 
260 QtT"^ and 270 eaT^ tow tha abovamantiixMid aoitQitlaa 
Witt] tlst strong tntansitits nbtraaa in ttia lasar aaaao 
spaetra ttM values of ttiasa viliraticfis for pbtbaHo aoid 
aod saliejfiio aold art 235*00 OBI'*'' and 26o«M'3 em'"^ 
respaotivalf • 3D« C-IM atratetiiag ground atata vibration* 
if} tim infrarad apoetra of bensoio aoid* pbtbalio aoid 
and saUoylio acid ar® assignad at 795 oiT^t 7^f 790 ewr^ 
and 760* 7^5 ewT^ respaotivaljr. Siaiiar aaaignsant has 
baan isada in di'hydrojsybenjsanas ra c^srtad in tba Utarattira* 
^ 0 infrarad apaotrus of pjrogaiioi baa bean givan 
in tba Obapter 7Z. fii tbia isoiaoiiia, tba 0*<M atratobing 
ground atata vibration baa baan obtained at 760 oorl 
witb strong intanaitjr* Bing bra^tbiog vibration baa baan 
aaaignad at 1CKK) cai* • 
In tba Obaptar VIX* no bava given tba o<%!^ rative 
attidjr of tba obaraetaristio groisid atata vibrationa ot tbe 
aiailar soleeiilas and tba variation of tbe sia^nitades of 
tbaae vibrationa oo cbangiog tba position of tbe subatituenta* 
tbis viXl te i l us tbe nature of variationa wben tbe different 
aubfititueots are kept at different positions* 
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mmuh mmmum i - as 
ERtrgy Xtvtltt Uymmtry of norsal 
vibrmtiooa and Yibratiooal •lg«ii-
funotlonsy Kff«ot of aynsswtrjr opa-
ration OB Q0fi-d«g«n«r4t« norasaX 
vibrations, Hol«cul«8 vltii noif-
d«g«Mrat« vlbratlqas only, Jeleotloo 
rul« for iQfrarad tptotrua, ij«l«Gtloo 
rul« for HasiaD •ptotruat i^larlsatlon 
of B^ltigb and Haaan aeattorlng» Vib-
rational spactra of banzana, Vibrational 
apaotra of aubstitutad banssanaa* iUaao 
apaotra of baasana and aabatitutad 
baroaoaa. 
QMSSmJi 2 9 - 5 3 
ifactloa A . Ui»mr Kanan apaotra of 1 -Fluoro-
2|i»-01filtrobaMacia • 
gaotiaii B • Dnfrarad apaetrua of 1«Fluoro-
21 Woinitr dbansana • 
faatlon G •> siaeuaalaii and analyala of 
laaar ila«an and Infrarad apactra of 1-7luoro-
2i^01alt robaniana. 
QBAflSB II 59 - 8lf 
StgUqft A - ^••r BMmn ciHietra of p-f Xuoro-
3«otl9«i B -> Iiifrar«(i •pvcirua of 
p-71uoro«o«t opboBOQC* 
Scetion q - msousiloo and anaVs^ o^ 
l aMr SaiSitQ ana lofrartdi spvotra of 
p-?luoroao«topb«nooo» 
§aotio» 4 • laser BaniaD spactra of BaosyX 
Bansoato* 
Sactioo a • Iiifrarad apactrua of Baosyl 
Banxoata. 
^fc^tlop ff • sisouaaiOQ ao(t aoal^ais of 
laaar Baaan and Infrarad tpaetra of 
Bansjrl Banaoata. 
WJMl 107 - 121 
qaation A • Infrarad apaetrua of Mttbyl 
Banaoata. 
aaotiop B - macaaalon and anaiyaia of 
infrarad apaotrua of Notbyl Banaoata. 
Ihtyoduotlcn 
^•etloa ^ • IafriA7«(i sptctrtt of o-ltotbjrl* 
ttiiilifi*, ».}^tli7UnlUtit, ir-HttbyXaiHIlnt 
and Ql-Httlijrlanlllnt* 
aaotion f • Dlsousiion and analjfiis of 
iQfrdrtd sptotra of o-:ittt}yX&iQllin«» la-
H«tl^lanllin«t V-Het&jrlaQlIin« and 
QL* .^ thy lani Unt • 
a^Qtim A » laser aasan spaetra of Bansoio 
Acid, aitbaUo Aold and ^alieyllo Acid* 
SaQtioy^  ^ • lijfrarad apaotra of Baniftoie, 
AcldfirhtbaXlo Acid and ^aXioyUo Aold. 
ifffil,lfla, 0 - Olacttaalon and ana j^rata of 
Xaaar aaaan and infrarad apaotra of 
Banaolo Aoid, aitballc Acid and .iaUeylio 
Aeid. 
q m a i n 236.250 
^n%\n 4 - tofr»wid apaetruB of fjrrofaliol. 
aaotien p - Diaauaaion and analyaia of 
iafrarad apaotroa of fyrogaliol. 
GfHAl^ R y^I 251 - 255 
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QE&ki^iL MXaOJtK^TIUi 
^ (^ 
I^MOtra of poljratoflde «olecul«a bav« IM«II ttudltd 
lo v;*rious «l«QtrofliagQotlo rtglons to ^% tb« d«tail«d 
iQforaiiitlQii ttl)Ottt tiM •Ivotroolo, vibrail^aX and rota-
tlaQaX «o«rgi«8 tind tbo aoltcalar ooDfiguratloo in various 
ground and oxcitod ttutot* 
Jpoetra rocorded in tbo infrarod region glvo tbo In-
foraatlOD taostljr about tb« TlbrattooaX oneriloa and Its 
transitions in ground stats* Vibrational energy levels 
and eigenfunotions of a poljratoola aolecule oan be eiEpressed 
nitb tbe belp of tb@ Jcbrodinger equation of a systes of M 
partiolos having co-ordinates Xx% 91* ^i aod aass % in tbe 
foUotfing way 
wbere ^ is wave function, E tbe total energy imd V tbe 
potential energy. Sbe .^tenti«il energy <s£ tbe nuclei in 
tbe aoleoule referred to tbe equilibrium position as V » 0 
i s given in tbe first ai^proxindtion, i*e* as long s^ tbe 
displaoeMents are sufficiently saall, by 
l i k ' ^ X,.^ ; + /.'i^X, g, ^ ^ J; 1^^ ( a ) 
To Btm^ll^ tbe solution of equation (X) m introduce 
nomal co-ordinates i*t* 
^i •=• ^.»^i -^  C i^^^-vc^"^^ t 
tb«n ti}« •qaatlon (X) IMOCWV* 
^ - - - - + 
^1 2. 3H 
vii«r« /^i ar« ttio roots of %b% secular •q.uatioot 
^^^\ — ^i\^ Kjx —b>.-xA k^% — W ^ / — 
=1.0 
o m d i o g tto« iiboXs squatloD (2ZI) by V • IK« <stt 
+ T^ ^ -^ X 
^^^ - ^ - ^ . w 
Tbls •qustloB wir b« solvsd Into a sua of JM •quatlonst* 
tfitb 1 • Si • l a • 





in this Wfiy tbs squatioa (VI) Is tbt vavs tquatloD of 
a slQgIs s l i ^ l s baraOBle osoilXator of potentlal sosrur 
i As\s^ an^ aass 1 vboss oo*ordio«t« i s tbs ooraal oo*orcllosts 
T -^ 0 So in tfavs Moiiaiiies tbo vlbratlocal notion of tbo 
•olitoult wor b« contldtrtdi under first approxiMiUaB» 
«« < stip«rpMiUc» of an iii4>l« barflioDio aotloD in tii« jii 
actraal oo-ordinat«s. 
SiSifiiftXi IfeVSIfi 
fb« •ii«D valu«t of tb» «(ii]atiaD (VI) or ttm wavrgy 
iralttot of tb» b^annio osoiUator tf &r« glv«a by 
wbor* V » VxJTv is tbc oXasdioaX otolXXatloo froquonojr of 
tb« Qoraal vibratian i and vi la tbo vibratioodl quantun 
oaab«r* Tborefore, aeuordiQg to oquaticm (VIZ) tb« total 
vlbratlODttl onergy of tbtt syijteia can tJkQnoal^ tbo vaXuos 
or in tb« fom of tbe tera YaXuot, wt bavot 
• w^  C^i-»#}*W2(va+ti** • • • — ^ ^ ^ 
V]^  aro tba •ibrational froquanoiaa ataaurod in ea*^ aoitt* 
In tba aquations (TXDt (tTXXX) and (XX) tba non-ganuina 
•ibrations (tranalationa and rot^tiona) s^9 inoXudad. 
fba uymmtry eonaidarationa wara fir at appXiad to 
Yibratlena of poXjratoaie aoXaaalaa by BfaUt (1) in 1923* 
5 
AS m ICBOtf tiimt tb* d«fr«« ot s«eul«r •qufttloo iN) froa 
whl<iAi tbt iiorMAl vibrations art cibtalasd Is 3K vbtrs i Is 
tlis iiu«tosr of atOM in ttis soltouls. dOf •••a If X tolcss 
tbs aodsrats Ystlutf i t i s not s«sy to soivs tiss ssoular 
•qttstion* Bat i f « aolsciils bas sjranstry, tbtiif tbs norasi 
vibrations «nd Yibrationsl sigenfaDctioo bavs also esrtain 
synastfy propsrtiss ti^ bleb provias grsat sass in tb« dstsr* 
Bdomtion of tb« nom&i -rii^ation* tbs ayimmtry ooncspt i s 
not onljf for tbs dstonsinstion of noraal vibrations but also 
valusbis for tbs discussion of tbs bigbsr vibrittioosl IsvsXs 
and tbs influenes of tbs anhnraooioity and tbs intsraotion 
of rotation and vibration* 
If a syoiistrjr operation i s parforosd ovsr a non^vibrating 
aolscttlSf tbsn aftsr opsration tbs aolsouls rsaains as suob 
i««* i t s eonfiguration rsaains unaltsrsd* iforsovsr tbs po* 
tsotiaX sosrgy and tbs fisld of foros will bs tbs sass as 
bsfors tbs sjrssastry opsration. Ibsrsfors tbs sseuiar aqua-
tion and «anss4tt«ntljr tbs frsqusnolss of tbs noraal vibrations 
ars tbs saas for tbs transforatd as for tbs non transforasd 
sjrstsa. If tbs sjraastiy opsration i s oarrisd out ovsr a 
vibrating aoXsoulSf tbs traasforasd displaosasnts ars net 
nsosssariljr tbs saas as oon^traosforasd onss. idth rsspset 
to a givsa s/aastry opsration ws bavs to distlnguisb tbrss 
diffsrsat bsbaviers of a noraal vibraUon. It any rsaaia 
unobang«d, i t aajr obaags sign* or i t aay obangs bjr aors tbaa 
just tbs sign. 
lfatb«aatloftl3jrt tills tjfMMtrjr op9rAttoa X» doo« bjr 
tve ttuivaXtut vajri* 
(«) Hy potltioo irantforafttiaii • i . « . b^r kMpini tlit 
oo*ordiBdt« systtM fixsdf oti«iii« tb» potitioD of tlm DUQIMI 
b/ rotatlDt or rtfXeotioc tbt aoXtoul** 
(b) Bjr oo-^diBat« trafisforoifttiOQ • i««* by kMping tb« 
aiolteuU fluid and reftrlfe to dlffertot rotated or r«fl«et«d 
eo»ordiii«to tyst«m« 
For ft glv@o {}OQ*dt|«Rtrat« oorti^l Ylbrutloo ^^ i tbort la 
OQljr ono poaslblA ratio for tbt dltpldOtMnt oo»oiRtliiat«« of 
tb« varlona ato»s« It a tyfaaotrjr oporatloo la oarrltd oiiti 
tbla ratio raaalna iwobangad. INfreforot aioea tba dlapXaoa* 
aaota dafload apart fro* a oooataot factor only, a ayinaatrlo 
^paratloo ean al«oat bring about alauU^Daoua chaDga of algn 
of tba Boraal oo-ordlnata. Zba etbar poaalblUty la tbat It 
tflU laawa tbaa uoobangad* In tbla vay a ii«ii*daganarata vibra-
tion ean only ba ayaaatrlo or antlajrawtrla Mltb laapaat to 
««y aysMtiy oparatlaB tbat la paralttad by tba ajraiiitry of 
tba aalaattla. 
Ibara la a raatrletloo to tba abova rola. Xf tba •olaeula 
baa a p*fold axla of ajaaMtry and p la odd» a fion-^narata 
•IbratloB oaR only ba ay naatrlo vltb raapaot to a rotation by 
2n/p abont tbla aacla aloea» If It mf ant lay ana trie t aftar 
p aneb roUtlonat tbat la, a rotation by 2 rr, It woold not 
trKOWfimi \A%% I t M X r MM i t M i s t * ItotMYtVy « I I O M « I M i r a t « 
•iterfttlMi Wfit b« ttfitl«]raaitrie mm wtXl ac t/aMtriMi vitli 
r«sp«ot to M tvtn-foia axity •i»et ttttn aftar p tnoli tftta* 
tloot i t ifiU %tm%tmm into tb* origiRai ooiili(ttratifiB« 
SiDca tlia irll>rati«nal aigaafnoetioii i t a funetion of 
tba Qoraal eo^ordiBatatf ita ^abavior ¥itli raapaot to 
•yaoatrjr opavation t^apandla on tba babavior of tba oomaX 
oo«>ordioata witii raapaot to tlia«» 
If a ftoa-dagaiMrata fibratioBf aay Vi' 9 i s ayaaittio 
witd fospaot to a eartaio ayoaatcy alaaaoty er» i f tlia 
oorraapoDdiDg ooraaX oo^^r^fisitay ^; ia «3raaatrio» tliia 
ia^liaa that ita oootrilmtioik ^^ (X^ ) to tba vilyiPational 
aigaofunotiai ia tyaaatrio (raaaioa ttaobaoga<l)ifitb laspaet 
to tba partiouiar ayaaatiy qparatioo t%t a i l vaittaa of ^\ • 
If a aofoai vibratiooy tuty Vicit aotiiirBattrie tdtb 
ratpaot to a aywsatigr alaaaot i*a* i f tba ooiraapeiidiiig 
Doraai eo^ordioatt Tt^  ia aotiayaaatriOff i t foUova tbat 
V^CC^ K) V aiaoa i t ia an o<lil imn) fuaetioii of \>cfor 
ogg (avaa) Vk. obaagas aiga- ia aotioraaatrio- for oOd 
Vyc. bat foaaina iinobai^ ad • ia ajanatrie fay avail ^^ 
i f tba paftiouiar wjmmtwy oparation ia carriad oat* 
Tbia babatiar ia axplainad in figa* l .a and 1*b. 
giaea tba total vibrational aigoofunetioo "^  i«a« 
8 
i s « product of bar«ODio oaolllfttor •Igtnfuoetloiif 
vVtL'^ \), M'T^V^J » oorrtipcmdlDi to ttoo 3i«6 
or Jir-5 aorma,! ao*ordtlo«t«s* Zli«r«far«i 1/ tiwro art m}^ 
ii<xi*dt<«ocrato n^raftl fibratloiia, tbo total aifaisfliectlflii 
wiXX ^ ayHaotrio vitb rtsiMot to a givao ayaHaotry op«ratio» 
i f tbaro ia an avtn suMbar of coapooaiit Ainotiooa vVj^  <^k) 
ttmt aro aotiayoKsatrio with raapaet to ttiat Mvarn aymatfy 
oparaticoy tba total aifanfunotiao v i l l ba antiaysoatrio 
i f tbara ia an odd ntualjar of aotiaywaatrio oos^onant ftine* 
tlGii* Xta babavior ifitto roapoot to tba giTan aymiaatvy 
oparatioo ia ioda pendant of tba ounbar of ajrnaiitrio oo«ponant 
fonotiona* la otbar vordSt ainca, for antisyasietrio i^ t tba 
funotioo ^ ^ C\k) *^ aotiajruaatrio for odd Vy^t tba total 
vibrational aiienfonotion la ajria^trio uitb raapaot to a 
oartaia aymmttf oparatioo i f tba aua Xa f lit oxtandad ovar 
al l noraal vibratiooa tbat ara antiayouatrie witb roapoot 
to tbat ayosiotfy oporation^ ia av«nt tba total aigan function 
ia antiayaMtrio Mitb raapoet to tba aaat ayssatry eparation 
i f tba mm \ a \ k ! • <^^* 
Xba aiganfunotiona n't ^ o^ ^' ^^ oquatioo (?Z) ara 
tba ordinaiy bamonie oaeillator aiganfanotiooa* Xba satba* 
•atiaal f or« of tba f unotion iat 
Bara U^\ U a noraalisatioa ooBatant» <,» 2^^>/b and B 
ia a ae oalUd Barolto polynomial of tba x^ytb dagraa. Sbaaa 
ara tlio quantua Mcbanieal eonaidarationa for tba uodorataodiag 
0 
of tl}« ¥l)>ratiofiia •otrgy l«v«l« of « po3jrato«iG aoXtoul*. 
fb« •IbratlonaX ir9qfMtmi»» oif a poljratoalo »ol«ouIt 
obatrvftd in ia^arcd absorptloo or tlui ArtquoDogr abifts of 









FlCn, 1-a P^ *^ - ^-^ 
2b* dlpoXo ttoatat of tb« aolaoul* Is rsprsssntsd in 
tfsTt wobaniesf by tb« mtrlx foratd froa tbs Intsgr^ls 
vbtrt N i s s vsoior vllb ooi^ ODsots 
j% 
H^.^e-iYi , 1^  
{91 m ehsrfs of partiols 1 bsYing co*ordinatt z^t jr^ « S4) 
sod ybsrs IH snd M^^ art tbs ti«t dspsodsot slgsnAiQetioiis of 
X-J 
tb« tystta in tvo statca D and •» tb«t Is 
tbt asttrislt Indio^itifii tbe GoapXsx ooBjugat* quantiti«t» Hit 
diagonal eUwots of tiie aatrlxi !«••, IfitttgraU (XXl) vith 
n » Sf r«pr«j«ot tbe peirnafitDt dii^ol* »OMots in tbt stat«t* 
lb* off* diagonal aatrix elaaaots (n «ia) oorratpood to tba 
traQsitioQ froK tba stat« o to tbs atat« a siiica ttoa/ bavt 
tba tisa factor .^"^^f--^-/^)^ , jb, traosiUoo probabiUtjr 
ia pro^rtiooai to tba aqtiara of tba tina io dapaodaot faotor 
of aqoatioo (XXX) i*«* tbe sqtaara of 
hwx 
Vow wa oonaidar tba tranaitioe batwaan tvo vibratiooal 
lavaXa v'aBd •" of tba molaoula produoad by dipola radiation* 
Sara T* and T** atand for tba aata of Yibrational qiiaottiB 
Qiuibars Tf» ¥^, vj» and T|% v t^ v^ » of tba 
ttppar and iowar atata raapaotiva}/* Aetualljrt wa abould 
aubatituta tba total aigaofunQtioo in aquation (XT), fitat 
undar fairly good approxinatioof tbia total aiganfanotion ia 
tba produat of an alaotronio» a Yibrationali and a rotational 
aiganfuRotion 
and tbarafora* ainea for tba pura vibration apaatrua tba 
•l«etro»io and rotational atata raaalna uoGbaniadt % and 
^^ aliqpljr glva a constant factor in j % ^ ^ MJIx 90 tiiat 
wt coDCluda tbat tbc vibrational transition probatollitjr la 
proportional to tba aquara of 
W " - | %>%>, v\^l ^^ir) 
tihcte and &ra tba Tibrational ois^nfunotlona of tba 
op^mr and lotMr atata raapaotlvaly* |,H]^i8 also oallad tba 
tranaltlon aonant of tba trnnsltlQi!} \fU—^v''. 
Vibrational aalaotiOQ rule aniat only wban tba Bolaoula 
under eonsidaration baa alananta of symmtrjfm lb tbat oaaa 
i t la qoite clear tbat tba integral jH'-^ 'M^ v" ^^Z <*^  **• 
different fros earo for a certain tranaition (i«e* tba tranai* 
tion is allowed) QQI9 ^en at least one of tbe cospooents of 
tba integrand S^ tr'M'^ "H ratsalns ancbanged for any of tbe 
sjroaetrj^  operations allowed b^ tbo sysm^tsf of tbe aoleetile 
in ita equilibria* oositioHf or in other words wben at least 
one of tbe qoantitiee 
^M'.^M^, ^^yy*ti^, ^ . ^ ' * H j 
ie tetail;r ajTKsstrioal* Ibla i s tbe general vibrational 
seleetioe rtale for tba infrared wbieb i s ri(urous as long as 
tbe iiiteraetioa witb rotation and eleotronio action i s 
neglected* lb particular i t i s indet^cdent of wbetber or 
net tbe vibrations are barmonie* 
Proe tbe definition (equation JUII) of tbe dipole eosmit 
12 
N It i s el«ar that lt« oo^ poMQfet it^ t i^f Ng bvm titMi ••«• 
b«bairler vltb r«ap«et to t^mmtn ogmrmttooB a* tb« tranalat* 
iofif fxt X^ t Is in tbt diiweticn of tD9 eo-ordloatt awti 
l . t . tbty iHiXong to on* or tiM» ap9Qiit9 of tlio poiQt group 
of tb« i[^lftoul«» 
iHtb tbost eoii«ldor«tiofiS| tlM» «bof» stattd goooral 
MiootiOD rul* aajf also bo st&to ant A vibrational traoai* 
tlQii V ^-^vr'it allowtd cnljr vbao tlioro la at laaat QDO ooi^ po** 
oent of tba dlpol» tBOaant II tbat has tbo aaao tpeolas aa tbo 
product Mf^  \^\ • 
gswiiai mm roa Mm gisM^ q^H 
fb« lotaoaitjr of somtt«i«d ligbt dapaoda on tba loduoad 
dlpola s ^ n t F wblob la rapraaaotad by tba aiatrlx forsad 
froB tba mtagrala 
wbaca i* la a Taotor wboaa eoB^onenta ara glvao bjr 
Tba tlat Indapandaat part of aQuatlon (XTII2) la 
tfbara F* la tba aviiplltiida of |f, Iba lotaoalty of a Baaao 
-• " 1 
traaaltion ii<^ « i s proportic»«JL to tb« •%uaf« of [J^j • 
wrlttiif l_S^J ID tbt eo^peii«iit f oru ^ lubttUutlBf tht 
•alu* of P froa tb« cqtttiitloas UIX. • XXI) wt f«tt 
L^ ]^" ^^$V%Hi.^ '^ ^ ^ h - ^ . ^ ^ a x ,t^ 5^ ,^% :^<^x 
(sm) 
Str9 S^ f K^ f £^ ar« ^9 oon^ontDts of tlMi aa^Utud« 
of tbo iooldent llgbt wovOf and tb» intogral* 
QTO ttm mtrlz eloifloota of ttao fix coa^oneiits of %bo polarl* 
aaMUtjr tetisor* Dio ataganal aatrix elewQts (o » m) of 
^ or ^ ocvrospooa to Bayltigb aeattoriiif and ttio off-
diiigoii&l oloMiitt to Baatn toattvrlng* Aooordioi to oquation 
(XXnX) a Baaan traositiOD n • Is alloued i f atloaat ont of 
tbt six viaotUlai K^^f^ L-^^^f^* •• » *• <iA^^ «»«iit 
froa soro* 
ror Tibratlonal Haaan tpootrua «• baf» again to stibttl* 
tttto for HV and ^^ tbt vibrational tiganfUnetioni H(.' and M* 
of ttpptr and lewtr ttattt . m ean tbtn t^iA aaatn trantl* 
tion bttwtta two vlbratinsal ItTtX v* and v** i t aUoutd i f 
at Itatt oat of tbt tix produott 
i t totally tjrimtrloal» tbat i t t rtatina onebangtd for a l l 
tjratttfy optrationt allowtd hy tbt tyaattry of tbt atXtoult* 
V , " 
HD a motm oooY«oiMit wajTt Bitaui stltetioo rul« any 
also IM ttattd iB th* foUovlog wayt A Baaan traDtiiloii 
batwtan tffo vlltiratlGQal lavala r' and v» la ailowid If tba 
product %> M'^ " baa tba aaaa fpaoiaa aa at Xaait ana of tba 
aix ooa^ cxMnts oC^ x, c^ >c^ «^.««*^ . of tba polailSiJtblUtjr 
taiisor* 
iminuhtim w mtmisiu mi mmn §aftfmftia(i 
Zf for a saolaouXaa tba ^oXarisablllty aXUpsoid ia a 
apbarOf tbao tba dlraotloo of tha iedtioad dlpola »»wot P 
v i l l eoineido wltb tba dlraotloo of flald £ produolbg Itf for 
anjr orlaotatloo ot tba aj^ ataa* aof If a gaag oonalatlog auob 
oolaouSiaa aa aoattarart la Irradlatad vltb U ^ t of fraqoan^ 
y» tba aoattarad Ugbt of fraquaney y l*a. tba Baylaigb 
aeattarlbf la obatrtad at rlgbt aiigXaa to tba looldaot baast 
It will ba ooa^lataly p<dLarlaad In tba plana at rlgbt aoglaa 
to tba laeldant baast irraapaotlva of vbatbar tba Inoldaiit 
llgbt la polarlaad or not. Batf If tb« polarlxablllty 
aUlpaold of tba aeattarlog ajrataa la not a apbartf tba 
dlraatlae of tba Induoad dlpola aoatot P ^11 ooloolda «ltb 
tbat of tba flald S of tba looldaat radlaUoo onljr If tbla K 
oolaoldaa wltb ona of tba axaa of tba poXarlaablUty aUlpaoldt 
bat If B doaa net oolnolda vltb ona of tba aseaa of tba pola* 
rlsablUtjr alUpaold, tbaa f wlU not eolaolda wltb & but iillX 
bava a dlffaract dlvaetloo. If a gas or a liquid eontalolag 
aaob aolaottlaa wltb a l l orlantatloiia la lrradlatad» if la no 
1<J 
longer f««trlot«a to tii« plane at rlgbt angles to tbt besSt 
•von tboigh i t can not tako al l orientations vitii respect to 
i t witii equ&l probabilitjr* tHerefore, tiie sosittoied light 
observed at right angles to the incident beawiU no longer 
he oonpleteljr polarised. 'I2ie degrees of depolarisatioo viU 
also depend on vhetfoer the iaal^Qt bemla golariz0d or 
unpolarised* 
£o this getjsrcil c^se, i«hoo tiie poluri3al>ilitjf ellepsoid 
i s not a sphere (anlsotrc^ie molecule)» «e oan resolve the 
polarisahilitjr into the auis of a spherioul purt for which the 
I 
polarii&ability oi ia the avtrage of the three principal 
p olar iJBabilit iea 
and a ooapleteljr anisotropio part j!' tor vbich 
and of courseI 
Xhe aagnitiide of the anisotrophy my be iadloited by 
P^^ iO^^ XV -^- '^^^f-^ ^U^^- U^l)^ •±^'=^^1- '^H>.)^ 
•^  C'^ n^^ 4^- U^] ^ J^l^ ^^^^^ 
The SUM in equations iWiV and (XXlX) are invarients 
of the polarisability tensoTy that i s their value i s indepen* 
dent of the orientation of the co-ordinate axes relative to 
l u 
tb« polariBiibilltjr cUlpfold* If tb* co-or<llnat« axta 
oooeld* id.tb tb« a»i« of tb« •XUpsold th* last t«ni IB 
£b« (l«gr«« of dtpoUrlxiitioii / la d«fin«dl «is th« riiUo 
of tbo inteoslty of ttw «oatter9d ligbt polarisad p«rp«nai-
ouXar to tbe ly plan«t l i » to that polarised parBllol to 
tbls piano I I|| • H<»ro tbo S-UEIS la ta^oo la the dl7«Gtioi} 
of th@ propagation of tb@ incident light* mod tb» direotioo 
of obsenratioo ia perptadicuXur to tb® Z^JOXB* W airtr^giog 
ovor a l l oriootditluns of tbo igrstoa* tbe dopoiari^atioo 
ratio -f for tb@ tiutaral ioclui.«f.t light can b« yrit^oo 
a« ^ 
X In tbit •qaation o^  i s always difforant froa eero 
booatttt tha polarizdbility ia ali^ aya poaitiira* ao i f o^  « Of 
tbaa oi^ ^ oi^, o/v? =o and banoa iii^liaa oo acatterad 
radiation would sppaar. Sba aaallaat iralua of Yw ! • K'^ ^ 
vbieb ia aibtftiMd i f R^o » b^a largaat vmlua of -P oorraa« 
ponda to aoat aniaotropie o»aa. 2tiia ia obtained i f nil 
axoapt oooi aajr ^^ » of tba ooiipoaaQta of < ara aero. 
than ^^ = i^ t i?>-^ . j^Z: andtbarafora -//"'"i^;/ 
Vbieb ia tbua tba aaxlwia dagraa of dapolmria»tioo for 
Haylaigb aoattaring* 
Tba dagraa of dapolarixiition for Uotiirly polarised 
1. 
iaelditiit Ilgbt <at 90^ to %tm teatUMd btioi) i t rtlat«d 
to /^  IV f 
a - 7h 
that Is tb« «azlKi« 4tg7«« of dopolarlsatioa la ttolt oatt 
It y^  ""'- ^ * 1^ 0 Hayleigf3 sottttering of omit nolt-
Cttlos v i l l bavo a saallor d«gr«e of dopolaris^tion tban 
tboso aaxiatia valoat. 
On tli« ^ t i a of tlia above asatianaa tbeorttloal back* 
gromta aost of tba iQf^arad aod Haaaii spaotra of banaana 
and aabatltutad benamaa bava baao aoaljraed aod Intorpratad* 
Tiia Baaian and iofrarad apactra of beDaeoa bava baan 
iovaatigatad bj a larga nvaber of icvaatlgatora* 7ba 
•oat eoapiata data ara dua to fiigoXd a&d bia oo»tfQrIcara<2i3) 
wbo bava alao lovastigatad tbv apaotrun of 0^* Baoaana 
baloBga to fi^b point group* 3ba minbara of vibratlona of 
aaab apaelaa for banaana aooordlng to D^ point group ura 
aa foilowat 
2 a|gt 1 a2gf 1 a^ ttt 2 b^y, 2 b^ t^ 2 bj^t 1 a^gt 
3 • l i l t ^ •agt * 2 0211 
fibrations of ajgt o^. and a^ tjrpaa ara aXIowad io Haaan 
apaotniM and of a2a «Bd a^g typaa ara aetiva in infrarad 
speetfvia* Sbara ara tbirty noraal nodaa of vibrationa in 
bansaaa* Out of vbiob 10 ara doubljr dtgaaarata and 10 ara 
l v > 
ooD»d«gtotr»t9. Xti«t« 30 Dorwil fl»d«» of vibrations aajr 
ftirtt}«r bt olasalficd at Tollowsi 
6 0-€ strtttebiQSt 3 C«*C out-of-pl«Ln« bendlrigi 
3 Q»G iii*plam btodiiigy 6 C«H atntolilnft 
6 C»H out-of*plao« btndingy and 
6 C*B iQoplaiM btcdiog \ 
BortaaX oodles of vlbTiition of b«n£«n» am glT«Q in tbd tabl« t* 
\ 





a-a bsndlng in-plano 
c*B bsndlBg in-plsB* 
C-S btoding lii*plttiit 
C-B btoding lB»plaii» 
C-H bSBding aii*of-pl«M 
C-R bsndlRg out*of*plan« 
C*B bending oiit-of*pIane 
0-H bending oat*of•plane 



























































0*0 ring stretotiins 
C^G riQi ttrctoblog 
C-C rlAf «tr«tefaiag 
0-C ring hrm&thiMg 
C^O ring deforaatian iD-plant 
C*C ring aeforttatioo 
oiit*of*plan« 
0*C rlRg defaraatioQ 
out-Qf-pla»9 ao •^u. ^ ^ 
?il>ratio»al aptotra of substituted bQossfWS w«r« 
•tudiod by tsajojf workers. Fox & Hartlo (hf $) bave exardlned 
Btany aroaatic oos^ounds to tbe 3000 oarl region using tb« 
bigb diaptrsioD of a litbiusi fluoride »r%sm inoluding poV* 
cyelic SiateriaXa suob aa aapbtbmleiw aod quiooXioa* In 
isoat of tb« studies of tbe vibratiooal spsotra of substitutsd 
bsossoeSf tfftots of tbs substitusnts ba:v« bsso iisvvstigatsd* 
7arioas tjrpts of substitusiit cffsets bavs b««o lasfitioRsd. 
Cbangts in tbs aass distribution in a portion of tbs ooUouU 
das to tbs substitttsnt altars tbs fom as wsU as tbe frs-
qusooy of vibration* Sbs frsqasnoias dsorsasa vitb tbs 
inorsasa in tba aass of tbs osotraX atoK, Mass affsots asy 
ba a^ >Icgrad aa eonfirsatory avidanea for assignntnta by uaa 
of isotopaa* Haas oonfigiiration i s an ia^ortant faotor in 
datariiining rot^itional iaoaaris* about a C-C singla bond* In 
genttraXy tb«r« i t no tr%9 rotation about a 0-0 aleglo 
hood and i t i t poiaibl* to stadjr tbt intaroonvoraion of 
rotational iaomrs bjr infrarad apaotroaoopy. aotjitlonal 
iaowra ftrm apaotroaoo^iloaUy di&titigalabalila baeauaa of 
tha diffanset oornal fraquanciaa raaultiog froM tba 
dlfl^rant maaa ooafiguratlQD* 
imy cbiiQga in tba alaotri»ni« diatt'ibutioii of a bond 
affaeta ita forca conatant and tberafora tba vibrational 
fraquanoy* Jb l^aotrioal affacta can tm froa axtaroaX or 
iotamal inflaanoaa. Iba dialaotrio constant of a aoivantt 
t^drogan bonding and tba alaetrio f laid in a orystal ara 
axa^Xea of eaEtamal influanoaa* fba affaata of alaotro-
negativitiaa of oaigbbouring groupa in tba aolaeuia ara 
azas^iaa of intamaX inf Xuaooaa* 
tbara i s a vida variatjr of intranoXeeuXar iotaraotiona 
tbat affaot infrarad group fraquanoiaa and band intanaitlta* 
fba iaportant intrasoXaeuXar faetora ara «aaa affaottf aXte* 
trioaX affaota Umiuctiva and raaonanea affaota)* ):QrdrogaD 
bonding, sywwtfy, oonfigurationt bond angXa atrain, fiaXd 
affaata and vibratiooaX eoupXing affiota. 
IntaraelaeuXar intaraetiwiia (wiib tba azoaptien of 
b/drogan bonding) ara uauaXljr ataooiatad vitb iraakar aXaotri* 
oaX feraaai tban intraaoXaeuXar intaraetiona. Zba YibrationaX 
sodaa and fra i^ttanoiat ara not affaotad graatljr vban soXaouXaa 
in tba Tapour pbaaa ara eondaoaad to tba Xiqtoid or aoXid atata 
If tqrdrQitn booing ced alid.Xiur •!¥•«%• iir* not prvatnt. 
HB t&« eas« of saliftitut«d |}«JIJ«O«S ttf •y«Mti7 of 
tlio soI«etil«i AM lowtr«a da* to tiiii •ubatltuoDta* ifoat 
of tile d9Sl¥atlv«8 9f baastoo oaa !»• placad uodtr ftvo 
ajrsaatry groups Oar ^^ ^8* <^f l e ^ r oyaaatrlM appU* 
eabXt to tb« iiol9cul« arn tb« r^salta uf lowtilog of tb« 
bigb sya^tiy fi6t) 7^ substitutioa. ^eoordlfig to group 
ttitofaff ttmm lomr uymmtrf groups MP® moh groups of D^ ti 
poiQt iroQp and csrtulo ajrin^ ^^ tDF typtrs in DQ^ oorrsspond 
to otrtalQ typs iB C2v °^<^  osrtale ottmr typss in Cj|. 
la C^ point group i3 prar^ilj in teooo substitutsd 
beosecsa tbero are f(^r syesEstrjr •Xsasnta nassly Identity I 
optratiqa, Q^ s * a tvo fold axis rotatlofi caiQcidlng wltb 
tbs s«aslst a^iXf&) * a pXans of reflsiotl^ passing tbroogb 
tbs xs plane and (CCjrs) • a pla&s of refltetlOQ passing 
tbroiigb tbs jrs plans, fbs obolcs of oo*ordlnmt«s tfltblo tbs 
BoXsottls i s rsprsstntsd in Fig* 2* 
V\(y\. % 
All tbs slsetroDle and tIbratlooal Isvtls of C2T point 
group oaa bs elassiflsd undsr four spselss oaosljr ik^ * ii2t B^ y 
and Bj* ^ « nuribor of Tlbratloos bslonglng to saeb syaastty 
spselss oan bs ealoulatsd by simple astbod givsa by Bsrsbsrg(4) 
^d2 
foUX nutftotr of ato«i I D & aoltoul* of Cat wraattiir 
S • IMI • 2«xs -^  ^ 1 «* "o «ii3«x« « « iiiaib«r of atta of 
•qt^v;j(l«Rt luioitl not OB oigr «lje«9iit of g^mimttf^ Se » 
outfbttr of BucUl Ijriog on a l l ayas>atX7 alaBanta praaeot* 
•xs i^°^ >^i t^ro tba oaitoar of aata of ouoltl lyisig on jcs 
and ya planta raapaotlYaljr but not ra any ajcU going tbrougb 
tbaaa planaa* Sbo aquivalant nodai ara tba aata of l<Ianti« 
oal nuelai tbat oan ba tranafoTwd into ana aootbar by tba 
ayMMtigr qpavatlona paradttad by tba oolaoiila. 
Soafbajr of vibrdtiana of m^ typa 
• 3P • a»j8 • 2%a • i^ - 1 
• 11 
SuaiA>ar of vibrations of «2 ^ P * 
• 3« • •xjs • «ya * "^  
• 1 
Huabar of vlbratlooa of b^ typa 
» 10 
Xai^r of TlbratioBa of bj typ« 
• 3B •«> Bxs '*' 2B^S * *Q " ^ 
Tba apaeiaa of vibratlona in Q^f P<^t group, tbair 
















ouadMr of vibratlont btlonging to taeb tp«oi«s ar« 
ooll«otlveljr giv«D In Tabl« Z* 
0HAB4CIfea YABI8 gOB Cay FOIKY OHOg? 
of v4b- tlont 
ratiooa 
Sere • and • elios in ooluoie of aysraetxy qperatlone aj^ i^  
bolise tbat tbe electronic or vibrational tmve functions at 
tbe ease oajr be rewain unobanged or change aign on tbe appil-
eatloQ of tbe eysnetrjr eleatnt oonoexned* Tbe eigne in 
infrared and Haam coluens represent allowed and forbidden 
•ibratione reepeetlvelj. Xxt Tj« A Tg in tbe oolusm under 
tranelatione give tbe direction of tbe traneition Mooient, 
In Os point group ae cfbtained in 1* f luoro 2 t ^ di-> 
nitr^benaene, pbtbalio acid, saUeylic acid, o-a»tbyI-
aniline and a-aetbylaniline tbere are onljr t w ayametrjr 
eleaente, viz . Z and ^ v • plane of reflection coinciding 
y. . 
witb tl» aol^ottlar plant* kXX tlw •Itetronlo «iMI vitora-
tioimX levels oaD be oXaislfied undet tvo epeoleet nmaelj 
A* and A**. To deteraliie tlie oaaber of vlbratlooa ecaiB 
fonoidiif Btmberg, tbe total ougber of atoaa V 
• ia 
wbtra tt » naaber of sets of aqulT^lant iioolel not on any 
eltMot of ssmm%x^ • Of SQ « i»»bar of iiuolai OQ a l l 
sjraaetiff elei^iita present in tbe soleoala « 12* Tbua tba 
iiuaber of a* vlbratliMW 
• ^ + 2»o • 3 
« 21 
and tba nuaber of a** vlbratloot 
• ^ • a^ <» 3 
. 9 
fbe Qbaraotar tabla for 0« point group alODfuitb tba 
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fli« tfwttrA r«porttd in tbt prtMOt tbtait «r« 
laUrpMttd aXoof th«a« lines niid tbsir aaio f«aitur«t art 
fouod in eoQforaltjf wltb tiM rnbov* eiiiurmettrlatiea. fli«n 
af«« hovtvert vlolfttiona viiicii «M aaloljr atM to tbt tm^t 
tbat tb« BoXtealii tttuaUjr b«loog to a armmtry group lovar 
tbao tbat aaauaad for tb»»« At a rtault tb« saltotloo 
rulM goveroif^ tbo ap««araiio« of tiluratloiif aro not rigoro* 
Qtljr Qbayad* !Zfala ba« baao dlseuasad at prc^r plaota in 
tba tbatig* 
Baoao ss^otra of baosaoo and stibstltatad bansaoaat 
rtportod «arXiert wm roooradd witb tba old coovootloiia3. 
oatbod using a low prassura nurGur; discbarga laop. Xbis 
dSYioa produoas a nuabar of lotaosa lima of tiblob tbosa 
at h3$Q and $U^ 1 A® are partloularljr usafuX* fba mjor 
probXta vltb tba aarljr dlsobarga soareas vara Xiiia ^dtb 
and eoBtiauB batwaan tba iDttnsa dlsobarga lints* Witb tba 
distevtry of lastr souretSf tbtst drawbaeks irtrt rtoottd* 
f bt pnaarr advantagas of tbi lastr soorots OYtr tbt dls-
obarga lasip art tbt laok of eootiaaB away froa tbt lastr 
tvlssloB and tba sioglt iottnst l int. Usina a oontiBOus 
lastrt pbttt t l t t t r l t rteordlng of Haaaa sptetra i s aa 
dbTioas dtvtlo^wnt* i t i t t and forto (7t 8) wtrt tbt first 
t t aebiavt tbis wtato, la 1963 and %9^t tbty rtoordtd 
tfltbln tINi IftMr oanritjr* i^oito and tsis oo^vorksri usad 
ti l* •xo«Uttiit dlf^etionfil mid polariiation jp»^9tl«a of 
tt2« ta««p mieu mt% imt to iit« aa aa^ljr aa 1 9 ^ VINMQ 
Mat«t Ifoora and l^rto (9) aohlavad aeciirata dai^lariaa-
tXm ratioa cm aoi^ci} diau^tjldat twozanat toJuaiia and 
fba laoao spectrusi c»f Beoawaa hm &«aii rae^rdad raeaotljr 
bjr nolsli at aX* (tO)* fbajr bava axalted tlie. Banas spaotrtitt 
of beosana irapour in a miiltlpXa raf 3aotl<xi aaaan oaXX ^ aa 
kw* iaaar and pbotograi^d Itia apaatran tittli a apaatral aUt 
vldtb of 0.17 ^ *^* fiia Bamm oaU pXciaad oattida tlia Iaa«7 
aavlty eastalnad a four alnror imltii^la raflaotiao ajr@ta» 
i^iolt ifaa tiaad to IspfisOT ttia aiBsitiiig iaaar U,$bt aod to 
coUaat tlia saattatad radlatioa ( I J ) . tii% isirrara %fara 
aditiatad to glira almut 60 travarsala of tl3a %»2$ m oaU t^ 
ttie Xaaor toaaa lM>fova tlia h%am niaaad tha aijrrora and ifaa 
t7^i»ad hjt ligHt bafflaa loeatad baaida tbaa* m kw* laaar 
(eobaiant fiadiation I4«itad) vitb a traXtisoda povar of ^ 0«7W 
at >f86 n« waa asad* tJsafaX aoostanta bava baae obtaiaad 
froa tba totaXljr v$mm%t%M Eaaao baoda of baoaaoa by uslof 
aultabXa eoii^atatioiiaX proeaduraa* 
Xn vlav of Xateat davaX<^aaota in Xaaar Eaaan apaotro-
•oapyi i t vaa ^aoldad to faoord tba Xaaar Banaa apaetra of 
ao«a aabstittttad baniaoaa vltb tba baXp of poXarisart in 
^, : ' 
p%Tp»Mimlar dlr«etloii«* Zbtts sptotra v^f abl* to giv« 
ttw aecarat* atastir«iniits of dopoJUrlsatioo railM. Ultb 
tiie bolp of dftpoUrisatlOD ratios, «xaet cyoBiotrioi of DOTMAX 
(SQdos of irlbratlant tiavo bc«n ooofiratd. 
mmmssk 
1» Br«8t«r» C«Jt.» l ^ s i t f Otrtebt (1932)i 
Krlttallsy9r»trlc aod aest«trabl«ia» and Z* Hiyslki 
2. JQDgoldt C»I. %X aX.y J. CiMin* aoo# 931 (t936>» 
3* IbgiyMt C«K* • t ai«t J. Obttt* Uoe* 925 (1936). 
3JZ2t 208 (19»*0)-
?• Foxf J*J* & t ^ t l D , 4*E*| ii¥OQ« Hear* J9e*t 
167A, 257 (1938)» 
6. Qtrsbergt Q*t "XDflraftd & liaaaD Sp«otra of iHaijfatosie 
Hol«oul«s» 0 VaB Soatrand Co. liao«» 3 ^ U9^$)« 
7* ^it«» ii.a* A FortOi @ti>.d.i J* Opt* aoa* ^atr*! 
Sib 981 <196l)* 
8* l*it«f B»0« A PortOf 3#P«^*f 1« Ojpt* Boo* Aaar«« 
i a , 1503 (1963). 
9* I«U«| E«C»0«y Koortf a«3** PortOy S*F.8*t ^* Oli«»* 
flort.t 1 ^ 37%1 (196^). 
10* 8olUng»rt A*B* «B4 lMil«l}» B*l«»t Caiid* ;r« Hijrs.f 
i t , 97V (1978). 
11 • Blohy X.B* aod MtS*lit B.Uy J. O^t. Soe. &».y 
61, 997 (1971). 
r r . i 
yfli ifeBB T[i lit 
M2EB miK i^i ^Mict^ or i.^Ldcao 
2tWj}ZS2mC£iil}2l£]9£ 
mti vmmsm sasosm or i^Fxooao 2 t ^ 
Vll>raUoci«l spaetrft of p«r«» dltobstltuttd 
DlUc^oztnts bmYt b««n stadl^d by QrfmB •% mU (1 )• 
flmf have iti2{Sl«d tii« eli&raot«ristie nitro ^ynstrio 
and ftsyvBttrie vlbratloos and triad to comlatad ttaaaa 
•Ibratlooa vltb tba straotural paranttara Mbieb ara 
sangltiva to tba aiaotroaio affaot of tba para* aabatituaota 
CO tha Qitrotoaoaaiie nwlaug, Zofrarad apaotra of ortbo-
aabatltatad nltro^iisanas bava baao atadiad bf Fraooal 
at aX* (2) in tba soiid pi^sa oalng poMriaad isfrarad 
radiation* ^m aoiaouMr structura of tbaaa eoa^ounda 
bova baan Intarpratad on tba baala of varioiia vibrational 
fraqoanolaa aaalgoaants and tba babavior of tbaaa banda 
t0tf2irda polarlaad Infrarad radiation. Infr^rad apaotra of 
nltroobloroanlllnaa bava baan studlad bjr tTaroa at ml. O) 
and tbajT bara aasiioad tba Yaitoua fundaaantal •ibrntiODa 
to diffarant poaaibla nodaa of Ylbrationt* Bo affsrt baa 
baan «ada to study tba apaotra of flaoronitrobanaanas* 
Tbaiaforot i t vaa daeIdad to ndca datailad atudjr of tba 
TibratlQoal apaotra of 1«fliiore 2 i ^ dloltrObanaana and 
aasifn tba diffarant vibrational fraquanoiaa to axaot noraal 
•odaa of vibrations, 
tba Infrarad spaetrtis of 1- flttoro Ith^ dinitrObanaaoa 
solaoula vaa raoordad by Taraa at al« ih} in tba liquid 
pbasa* Baaan spaetran of tbia aolaaula was not raeordad 
•arUtr* otpoJUiriiaUan ratlrog for tb« ooraaX Modtt of 
•Itorationt mv also not known for tlii* aoUoul** fboro* 
fort tilt ojniot s/wittrlot of tte fonda«iiit«X sodos of 
vibratloaui ooaXd not b« attlgntd aeeiaratoljr* fioneo* tbo 
Dotd v«« f t l t to record tHo iator Hanm ftpcotr* of t-
fltioro 2iW dioitroiMKigfliio vltb tiw istXp of polaristra* 
Polarlsod lasor Eawn tpootra in ttMi porpondloaXar dlrootloiui 
wort rtoordod. iJtpoiarisatiaii ratios of %tm Bamm Hoot aro 
oaieulatod by atasttriof tb« lotonaltloa of tiao Eaoaii li»o» 
at parpondlottlar polarlBation* »atb tbt baip of tba dapoia* 
rlsatioQ ratiot «• ara ab2a to oonfira tba axaet iyaattrlaa 
of tba QorsaX aod«« of vibratloea* Xofrarad spaotrua of 
ttJia solaottia in tlia liquid pbaaa baa aUo baao raooardad in 
tba refiOD 250 • ^000 ewT^* Vlbratiooal fraqnaoolta dbaarvad 
i» infrarad aod Xaaar Ba»aii apaotra bava baao aasigoad to 
difftfaot Modai of Yibratiooa and tbt axaet ajrwuattiaa of 
•arloiaa fuodaaaotaX vlbratlooa bava baan oooflraad wltb tba 
baXp of dapoXarisatlOB ratloa. 
ffltfiiTIg i 
Tb« fpaapur* 1« fXuoro 2 t ^ dinitrai»ansana vas praourad 
fro* tbt B*OJi» Ooapanrt SbfXaad and vaa utad vltbout furtbar 
pttriflaatloii* 
Tba Xaatr aaatn aptetra of Xlqtiid l^ fXuoro 2i^dl» 
1 5 > ^ 
fiitroib«iiMQ« W7* •xelt«4 l>/ tb« 5m^ $ A<> Kfyptoo - Argon 
ion of « spootra ilijftles Hodol 16)^  lasor vUb powtr 700 aw 
and t i l t witftli 3 ea*'^ t and vat r«eordad on a spas Modal 
lM)t spaetroaitaz>. Xha pbotoauitlpUar u«a4 vaa aada bjr 
aCA 0*1303^ (eoolad) and aifnal waa nonltorad bjr pboton 
eountiog. tlm eonat&nt waa leapt at 0.2$ aae* and aeanning 
spatd waa tOO ewT^ par ainttta. ^a fraquaney aecttraoy la 
X 2 caT *^ li^larlaad and dapoiarised lasar E i^an apaotra of 
tba ooB^ ound undar oooaidtrMtlon wera racordod at parpandl* 
ooXar polarisation. Hia traces of poiarised and dapolariaad 
iasar Baaan spaetra of tbe aaid oofipoond aro iraprodiioad in 
tba Fig8» X»1 and 1*2 veapactiv^alf. ^ a plan for iaaar 
Haaan apectrooator la abown in tbe Fig* X«3. 
Iaaar aaaan spaotroaator eonalata of a E27pton»Argon 
ion Iaaar a<Mrca aaitting radiation of waveiangtb $ 1 ^ 4^* 
Iaaar baaa antara to tbe aaapla froa iowar aurfaea plaoad 
balow tba aaapia. 4ftar tbia tba iaaar baaa ia fooaaaad 
vitb a eonYax lana and i t goaa to tba raonocbroaator* Aftar 
eoaing froa tba aonoobroaator tba baaa falia 00 tba pboto* 
auitipiiar taba tbrougb tba lana. Puisaa froa pbotoaaiti* 
pilar ara aapiifiad bf pboton eountlng ayataa* 
25 Baaan banda bara baan ^aarvad in tba poiariaad and 
dapolariaad iaaar Eaaaa apaetra« Baaan abifta apto 3200 oa*^ 
bava baan aaaaurad. &rrpton*^ g^on ion iaaar at 51^5 A^  baa 
Pig . 1.1 Polarized Laser Raman Spectrtua of Liquid 
1-Fluoro 2;4-I>initrobenzene, 
Pig, 1.2 Depolarized Laser RamaJi Spectrum of Liquid 
1 -Pluoro 2:4-Dinitro"benzene, 
t il •» b 














h99n ustd «• «fi txeltlng ililit jioaret* Q«n«rftlijr al l tiM 
aanm Itaoda In th» poiarlMd iaii^v aftHUi ip«otraa ar« tbarp 
and vall defintd tffaartaa in tba dapoiarlsad lasar Basao 
•paotruB tbaM baoda ara lata mtaoaa. DapolariaaUon ratioa 
liava tjaao eaioulatad tty aaaBuriog tba lateoalUaa of Basao 
banda lo tbe dapolariaad and poXariasad laaar liMiaD apaetra. 
aaaao ff«qua»elaa baYlng dapoliiriaation ratio laaa tbao 2/3 
bava baan takao aa poiailzad and Ea«an fraquanciaa baving 
dapoiarlaatioa ratio mom tban 2/3 bava baan tiiiKan aa da« 
poiariaod. Aii tba aa»an banda bava baan aaaignad intarm 
of fundaaantaia and oo^ination vibrationa of fundaaantola 
of tba moiaouia* Tba asaignaanta and dapoiariaation ratioa 
of tbaae Baaan fraquanoiaa ar« given in tba tahim X*t* 
msmsauk 
Tba infrarad apactruo of U flaoro 2ik^ dinitrObanaana 
was raoordad in tba liquid pbaaa bjr ntiog a CaBr liquid 
oall of tbieltnaaa of 0.02$ aw on a i^rlcio £iaar dcmbla baas 
gr^itiog iofrarad apaetropbotonatar (ifodai 521 > in tba ragion 
batuaan 250 • M}00 c«*^ unaar bigb raaoiation* i»oan tiaa 
vaa 32 ainutaa and fraqtianotjr acoaraoy x 2 cwT^ at aaro 
auppraaaion* tba apaetropbotoaetar waa oetlibratad ^tb tba 
balp of tba apaetrun of tba tbin abaat of poijratrana. 
Znfrarad apaotrun of tbia coapound ia taproduead in tba 
TABIM-I.f 
aAM4M ItlUtti ULL 9Wi.dDaiMCJ3^ Of 1.F1 
'»9«;fvlRISnt'^lR^fW1"f«»lT^ 
aaMun fnqiwnol*! PtpolariSAtion 






































a** C-F iMQdiog o . p . 
a facidlaoaotal 
a** C«8 daforffiatloQ o.p. 
a* C»C daformatico i .p . 
a* C*C daforaatlon i .p . 
&• M>5* • 255* 
a" C»0 darorsatlOD o.p. 
a* O-F baodlog I .p. 
a" C*H baodioi o.p. 
a** C«B bandtog o.p. 
a fuDdaatntal 
a* C-S02 atratobing 
a* ring braatblng 
a* 0«H banding I.p. 
a* 0*a banding i .p . 
a* 0-F atfaiobli^ 
a* C*C itrttoblng 
O.vJ 














«* O-V ttrvtobing 
9tr«teliioi 
a* Q*G •trvtobiog 
a* Q»G strtttoblQi 
a* B02 aiyoaittrio 
strateblng 
•^» 1270* • 353 
a* C*H dtratcblng 
Botet l»p. a iQopXana, o.p. » oi2t*of«>pIan«t 
• fp«qu«i}ci«a taken froo lnfpar«4 «p«otya« of the 
®iua« ocaipottQd. 
Fig* IA» Ba^  dlAiriftii of ttM lofrand sfitGtrppbotoaitvr 
tts«d in tbt prt««Dt wofic la tfaovn in ttm Fig. 1*5» 
Xofrarad «Qtrgy i s r^dlaitd by tb* Mcrost glowtr 
cQoii«ot«<l In ••ri«« ^tb tb« plAtliiaa wire vUlob la oonnae-
tad In sarlea wltb tba pXatlnaa vlra Iwatar and A 150 tratta 
Dallaat ia8^« A flxad voltaga of 60 voXta la provldad to 
tb@ b^aUra and a varlabla voitafat 100 to 1$0 voita to tba 
giovar and bullaat* Badiant anargy froa tba soaroa la 
saparatad into a rafarai»sa and a aaaipla baam by two i^ alra of 
tBLrrofs* Hirrora Hi and H3 foeaa tba aaispla baas 00 tba 
ooiib and t^ and \ foeus tba fafarenoa baaa on tba optieal 
attenuator as abown In tba Fig* 1,S* Baferaoca and aaaipia 
bdae» aoter tba aiMspllng area five inobea apart and paraliaX 
to ona aootbar* C^qtta abuttarat aoantad on tba aouroa 
boualngf parolt indapandant blocking of aitbar baas* 
Aftar tbia tba raferanoa baas paaaaa tbrougb tba 
attanuator and tba salvia baa« goaa tbrougb tba coid>* C^ti-
oal attaoaator attanuataa tba rafaranea toaan to aqaalisa 
tba intansitias of saa^la and vafaranea baa«s* Tba optical 
attanuator la a aatal foil praoiaaly pbeto*#tcbad ao tbat 
ita traaaaiaaioD ob^agaa llnaariy along ita langtb. Ka 
peaitian at null la a dlraot oaaaura of tba tranaaittanea 
of tba aaapla* lAian tba aoalb la aovad in tba aai^la baaat 
tba aanro aotar drlTaa tba optical attanuator in tba rafaranea 





Fig, 1.4- Infrared Absorption SpectrTim of l i q u i d 
1 -Fluoro 2:4-Dinit ro"benzene, 
I 
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r. : i-t i k , «^ 
iMaat Mr* ooi^iiivil into « 9lQgl» btaa tgr rotatlog 
••otor adrror MJ^* XIM «tttiiuator i t ponitloiitd luf & 
»trvo aotor* A Uotar potent!oatt«r mouottd on tlit attt* 
fieat^ sliaft tr«eitaltt tlit potitloo of %h» ttttouator to 
lltii atrfo Syttta a«kln( tbt aovtatot of tiit pta a rtoord 
of the atttfntatc^ potitlQii. Afttr tbo atotor nlrror ^^f 
tilt 1>«8» gott to tbt iioooobroBator audi tbto fottt to tlit 
tt]97socoii^ 2# dtttetor* Froa tbt tbtraojouplt tbt txtrtiatljr 
tffiail tlgQuit svt aapiifltd »ltb tbe t»lp of prtan^Ufltrt* 
After amplifioatiai tbe aiitsalt art raoordtd wltb tbt btXp 
of a ptb teoofdtr ayttt** 
60 iQfrartd baodt bavt bttQ <^s«rv«d io tbt rtgloo 
250 • **000 QorU Htat of tbt baodt art sbarp ai^ vmll 
dtfintd ^tr»a# ttait otbtr b^dt art broad and lata iattntt. 
liittotitlet of tbt lofrartd baadt bavt btta vltuaUjr tati-
•attd io tbt sealt 0 to 10• All tbt bandt bavt bttQ aatigotd 
iiittrai of variout fandiowatalt and eoitbliiatioiit and oftrtoott 
of tbt AiQdaatotal vibratioot* Sbt aaaignatnta of tbt in-
frartd frtqutoolta wltb tbtir luttaaltita bavt bttn glYto In 
tbt fablt xa* 
•vwi\-^irrm*~Mnim*Tx*wTi::T5^f^^mf^-' 
fbt soltcttlt 1- fXutro tiV* dioltrobtnatnt la a tri* 
^ . o 
T^BIE-^,^ 
^ *^^ *^ t^lS& YIBBATI 
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3La Of 1«gtlIQBQ 
»:p.f:-!i>(«VJ,; 4 gmm^^^^^^^^^^^m 
JLiSlfttStllt 
a** 0*0 deforaatiOQ o«p« 
a" C*f baoding o.p. 
a ruoda^ntiil 
a** C*0 ddformatioo o*p» 
a** SQs ro(daDg 
a* C-C 6»tommttoa l«p* 
A* 255 • 305 
a* C*0 d8far!^tloii l*p» 
A» M)2* • 255 
A* Wf5 • 255 
a** C*C deformation o«p« 
a* C*? bandlQC l*p« 
a** G-fi banding o^p* 
a** C-B banding o«p. 
a fundaatntal 
A« U02* •M>5 


















































A" 523* • 395 
a* O-XO2 stratoblng 
A» 705 • 2$5 
A» 305 • 735 
a* flog braatblQg 
a* G-^  bending l«p* 
a* C-B bending i*p* 
a* C»F stvatobing 
a* 0-c atratebiog 
a* C«S stretdiing 
a* SOg ayiaostric 8trott ing 
a* C«C strdtcbing 
A* 705 • 7^* 
A« 735 • 7$9 
a* 0*0 8tr«t<^iiig 
A« 735 • 768* 
A" M^ • 107^* 
A« 2 X 768* 
a" 802 asyoMtrie s trat^in 
a* G«^  stratobing 
a* C»C stratobing 
A« 1270 • 353* 
A" 920 • 705 
A« IIW • 510 



































A» 735 • 920 
A" 395 • iaM»* 
A" 1M5 • 255 
A» 755 • 920 
A" 920 • 768* 
A*» 753 • 1065 
A» 809 • 1125 
A» 1270 • 809 
A* 1560 • 11»»8 
A» 1320 • 1J»90 
A* 1610 • 1320 
A« 15»>5 • 1M5 
A* 1610 • 1M5 
ft* C«>H str«tdilQi 
a* C*a strstcbiog 
A* 2 li 1610 
A» 3120 • 510 
4 0 
llet«t flsiittl •tti«iit»t or %h9 ltit«n»iUts !!&•« b«tD tak«B in 
tb« ftoult 0 to 10* 
l*p« • lii«pl«a«« o*9» • oiit»of-plaii«t 
• » stroof, vs « vory •tronf, vw • vory voak 
•b « ftbOMiisri b » broatft bs • brottd fttrooiy 
• froqutiicloi takoo fro« lator a«aftii tpoetrft of 
tbo ftuw ooMpound* 
4 
sttl>iUtut«d t>8aMD« y^r% tbrtt tijrdrofMi atom of titiixtiM 
id 1*t 2*t atnA V* position* ATO rtplaood tijr -?t "H^ s ^^ 
»K02 groups roapoetivoljr* If tbe group HO2 ! • rogardod tm 
9k^i» aass p^ot ftixl i f <-Ft «8€t2 aiKl •8Q2 tii» tbr«o subtti-
tutots l i s in tbo piano of tb« soloouioy l-fiuoro 2 t^ 
dinitrObensoiio eao bo asauatd oodor Gg ajfmmtry* Apart fron 
30 nomal nodes of vibrations of boostno tbtre will also bo 
sofflo fUDdatMiital sodos of vibrations duo to tbe substituoott* 
Sbo tbirtjf noraal vibrations of boosono uodor C« point group 
tiro olaasifiod a« foUowst 
21 plaoor (a*) and 9 noci»plaoor itkV spooios. 
Tbe vibrations a* aro totallj^ sjraaotrie and givo riso 
to polarisod Hasan lints «bereas a** vibrations aro aoti^ 
37»«trio and givs riso to dopolarisod fiataan linos* ISss 
analysis of tbe bands and tbo asnignaints of tbo fUndaasntal 
frsqusnoios bavs bsso dons on tbe basis of depolarisation 
ratios of Hvmn bands and on tbe basis of ooaparison idtb 
tboso of sisllar aole^iles. 
In aroaatio oastpouBds» C»H stretobinf fro%asneies 
appoar in tbs range 3000 • 3100 e«*^« Zbere are six C-H 
stret^ing fretuenoies ia bensene ifitb tbe following aodes 
of vibratiensf 
«1g(3062)« bitt(3060)» eac(3t>^7) and eiit(3080) 
4;: 
fb« last tiro MOci«s are doubljr a«g«n«rftt«* fb tM 
mad«a wi l l giv« r ls t to tbrtt C-B atrvtebinf AraqutiioiAt 
in trl^fubstitottd bto««f}«« thm r««aiiiiRf fr«qu«iicl«t « i U 
d«p«iA ttpen tli« Mat! and aatura of tlia tiabstltttaiita. 2te 
tba prtaaat invtatifatioiiy i t vas not poMito2« to Obtorvo 
a i i tba tbrao G-B atrotobiog froquoneiot for 1» fluoro 
2 t ^ dinitr^ansoRa* Fox aod M^rtio (5t 6, ?> bava atudiaa 
tlio C«B atratohiof fraqaaneiaa in aniqjr aroaatio ooapoiuida* 
I t ia eonctudad that tba fraquaooiaa obsarrad in iofrarad 
apaetrtia at 30^2 aod 3120 owT^ »ra dua to G-B atratebiof 
vibratiooa of tba aaid aoiaoula* lo Xaaar Haiian spaetrua of 
tbia eioiaoula mi^ osa fraquaooy at 3100 ear'' is cttaarvad* 
Tbia Baaao fraqiiano/ 3100 mf^ baa baaa oorralatad ifitb tba 
iafrarad frafsiaaoir 3092 oarl -^joA baa baaa asaigaad aa CS-*B 
atratebing aramatrio aoda of •ibratioo. ft^raovar, tba dapo* 
lartaatioB ratio for tbia Eaaao fraquanoy i a 0*58 aod banoa 
i t baa baaa talwa aa a poXarisad Haaaa fraqaaaoy. 
Tba C-B baadiag aodaa ia aabatitutad baaaaaaa oeour 
io tve diffaraat fraquaaa/ ragioaat 
1000 • 1300 ea*^ ia«piaoa baading aodaa a»d 
750 » 1000 aa*^ ottt-of*piaoa baodiag aodaa (8)* 
Ib^ poaitioaa of tbaaa C-B daf e^raatioaa ara aaialjr 
dataraioad by tba raiati^ra poaitioaa of tba aabatituaata 
43 
<9» 10)» SIM nfttart of tlui substitttWDti !• of «}.«»•% 
no ooBsoqtitnoo* fbo fix C*B in^plmio boQdiHi vlHratlont 
aro dorlTod froa «2i C13)>^)| b^u (1152 )t oag (1178) and 
*1ii (1037) aodos of boosooo. Cerroipondlaff to tboto six 
0*B in^i^iano boodint vibratiooty Infraurod bands 1125 and 
11^^ oa*^ a M idaQtiaod at Q-B io^piano boodiog YlbraUooa. 
aanan fraqoocioiaa for tbo aano sodas ars 1132 and 1153 oa*^* 
Samoa frsquaoolas 1132 and 1153 o**^ ara poXariaad baving 
dtpolarlsaUoB ratios 0«V5 and 0*33 f«spaoti¥«ljr« 
fbs oat<»of«pXant bandliig vibrations In bsosana arias 
froB b2ii (995)f tan (975>» •ig (8^9) and aan (673) «od«s of 
banssns* lb tri«» substlttitsd bansanssf tbrsa 0-B oiit*of* 
plans banding frsqusnelas ars <^ssrvsd and tba rooalnlng 
vibrations eorrsspond to tba banding aodss of tba substltuents. 
Sbsrs ars two frss adjaeant bydrogsn at ass oo tba ring of 
1* flnoro 2 i ^ dimtrobanssns • It bas bsas rsportsd bjr 
Bslla^r (11) tbat vban tba nosbar of adjaeant bydrogan atoss 
OB tbs ring is dsorsassd tbs oat«»of*plans G»H bsndlng vibra« 
tloBS sbow a fbrtbar sblft to blgbar sagnltttdst In gsosral* 
BsUasr (11) and Ssysan^ (12) bavs saggsstsd tbs narrov 
frsquMssr rangss for tbs appsaranss of O^B eat«of-plans 
dsfersatloB vibrations in tbs sass of tbrss and two adjaeant 
brdrogsB atoBS* In llgbt of tbass and also looking at tbs 
QbssrvatioBs of Bandls and Wblffan (13)f tbs Infrarsd bands 
755 and 8o9 earl ars attrlbatsd to C-B out»of*plaBs bsndlng 
Tlbratlaiia* Gorrttpondlof d«poIaris«d BMBBH fr*qtt«Dol«s 
for tbt saM aodM art 7 ^ and 8l8 e ir l . fb« dtpoXarisa** 
tiOB ratio* for ttwa* BaHui fr««a«Qoi«t ar* 0*75 and 0.70 
r«apt«tlv«ajr» Oaa vibration at SM) oa*^ ia aawm tpaotnta 
and at 835 OB*1 SA infrared apaotra* aay lia asaignad to 
OoR oiit*of-9iana 1>aoding aodt of vibratioo* But fiaaan 
fraqtttnoy at l^O ewrt t» totally polarisad baving dapol*-
riaatioo ratio 0*53« Tbarefora tbia viliratioB 835 QVT^ 
tiai not btan aasignad to C«S out^of^plant astiajrasatrio 
•oda of vil^ration. Iiov*irar« tbis vibration ia taKan a* a 
fandaaaotai vibration, fba vibration at 835 Q«*^  baa aiao 
baan aasigned to C*B oot-of-piane banding vibration bjr Varaa 
at al« (^ >« Xbia baa baan aodifiad aooording to our laaar 
aatsao fraqaanoar and ita dapoXarisatioo ratio* 
ana §yaiigam gutmsgisi 
'^ ba four ebaraotariatioa akaiatal atratebing oodaa 
of G^G bond in bansana» naaaljr Oag ^ ^^^^^t •)« ^^^^U 
^2a (1310) and a^g (992) ara ai^aotad to giva riaa to aix 
oarboii atratabiog vibrationa in aubatitutad bansanaa. Modaa 
•2g (1596) and •)« (1^5) «ra doably daganarata* tba 
doabljr dagaaarata vibrationa apXit up into tvo oo^ponanta 
tindar raduoad ajramatiy* In tba praaant atad7> infrarad 
baada appaariag at lM5f l ^ t 1560 and I610 ea*^ bava baao 
aaaignad aa C-C ring atratobing fraqaaneiaa for tba aolaeula 
4w 
itii(t«r e«»)«ldtvaU«ii wad eorr«tpoiid to tb« doubljr d«g«o«rat« 
aodei •iQ (1)^5) iinA tsf <^596), Hi* AstlgiiaMit of lRfrar«<l 
fr«qatiiolti 1M5 aod 1U90 o^^ ar« eoatlrma hy nmmn 
ff«qu«DQi«» 1i»22 and 1k»9a o«*^. OtpolarisaUoo ratios for 
tbata Eaaao l>»^uanolat ar« 0*^ 2 a»d 0*37 aod tMOoa totallj 
ajrmatMo. Isfrartd fraquaoey 1565 etT^ baa baaa tattan aa 
ooBd»inatloii vHiratlon Ixy Vania at a l . 0»}« ttw infrarad band 
loeatad at 129^ 0 em"'^ ia aaaifoad aa C-C rlag atratoblog 
fraqoaney oorraapondlng to tba b ^ (1310) soda of banaaiM • 
fbla fraQttaoojT ia Is aapport vitb tba poiarisad lla«an 
fraqoan^ 127^ oa*^, ?ania at al« (h) baa eonaidarad tbis 
infrarad band 1270 ooT^ aa a ocHibioatioo vibration* Howavart 
tbia aaaiiDflBant baa baen aiodifisd b^ Baaan fraqttanoj^  and ita 
dapoiariaation ratio« 
Asotiiat tba G^Q ribg atratebing fra^oanojr of banaanot 
tba ring braatbing vibration a^ g (992) un4Nirgoaa ao«a ebaoga 
la ita aagaititda wbaraaa etbar fraqiianoiaa ara a^aetad 
aligbtljr ttpan aabatitation. Xba aageitada of ring braatbing 
fraqaanejr in Moa- and aata- diaiibatitatad baoaaoaa raaaina 
aaar about 1000 a«*^ vbaraaa in ortbo* diaabatitatad banaana 
ita aagaitada isaraaaaa vbieb ia obvioua fros tba Xabla X*3« 
In tba praaaat iavaaftigatieSf 0 ^ ring braatbing fraqoanay ia 
idantifiad at 1065 oa*^ ia iafrarad apaetraa of tba ooapound 
aadar aonaidaration and ia oorralatad witb aaaan fraqaanogr 
107^ aa"*), fbia aaaan fra<ittanojr ia poiariaad baeaoaa dapolaxl* 
4v> 
s«tioii ratio for tl i lt fr«%iatii«ir 1« 0*60* aiog br«atbios 
vlbraUoii was atsignaa «t 735 o*"^ ^f Tanu t t a l . 0») 
lo th% praaaot oom»oiind« Wt bxw oodlfiadt thia aaaliiia«cit 
at 10$5 0**^ tn irivv of aaaae frat^aooy asd i t s dapoiari* 
sati(m ratio* Sint braatbing vibrations for soat substi-
tutad bansooas ara givao ia tba labia X»3« 
ffolaetOa Oround Statf Fraquaooy 
Aoiiifia (11^ ) 998 
o-iiitbjriaoiiiiia (15) 1020 
&*f!etbylai^iiQa (16) 955 
•-AatDopbaQoi (1^) 990 
0*(%ioropbaooi (1^) lOM) 
••DioatboigrbaRzeiia (1^) 992 
a-Craael (17) 1000 
o*Fliior»tolnana (lS) 1037 
»4fliioroteiaafia (19) 1003 
o-ToiiMldalgrda (20) 10M> 
a-toinaldabyda (20) 992 
••OblortfbaBsaldabjrda (21) 996 
•-Xjrlatta (22) 99V 
a-toluBitrilt (23) 995 
4' 
fli« rlBg dmtormtton fr«qatQoi«a in aul>»tltttt«d 
btnxeiiM ar« •xp«ot«<l to aria* at v^ g (606)» 1i2i ^^ ^^ ^ 
and ajitt (M)5). 
Hit aeifB«yal# io-plaiia ytng <l«fox«ation •2g C606) 
nod* ot btQSooo tpUta into to ooa^omnta* fb« infrarad 
bands ^paarl0g at 510 aod 630 oa*^ aro asslgiiod to tiio 
oo^ponoata of ogg (606) isoda or boostna for 1* fluoro 
2ik» dloltroboBsana • aaXariaad Baaao fraquacclaa for ttiia 
Bc^ ia ara ^23 and 6^1 ea*''* fba doubljp dagenarata aoda 
*2a 0»05) and tba non-dagaaarata aoda h^g i?Q$) of baiisaii* 
raprasaot tba oiit»of»plaoa ring daforsatloD vlbrationa* 
Qodor raduead ayooatry* tba foraar sioda apUta up into 
tvo eoapooaota* Bovavart io tba praaeot lofrarad apaotms 
of tba aaid oo^^undt fraquanolaa at 255 b^d 395 oa*^ ara 
oonsiderad th^ lowar and uppar eoa^ooanta of aau 0*03) 
•oda* Tba aaalgmast of iippar ooapoaant 395 en*^ is le 
Xlaa tfitb tba Eaaaa fraqaaney koz o«*^ for tba aiaa ooda 
wblob baa tba dapoXarlsatiOD ratio 0*80» faraa at aX*(^) 
eoiild bot aaaigii tbla aoda of vibration for tto saaa 
eoapoondf Moraovart lofrarad band obsarvad at 705 oa*^ 
and Eaaaa band Obaarvad at 7l8 oa*'' baa baan aaslgnad aa 
oat*of*pIana ring daf oraatlen vibration and oorraapond 
to b^ g (705) »oda of bansana. Tbla aaalgoaant la p9T^ 
faatljr fair wbloh la furtbar aupportad bj Ita ^polarisation 
ratio 0*70. 
mtmrmmtmm • [2i 
linrarlabljr io all nltTOsabaUtutta l»«iis«aM (at 2^) 
tvo band* Ar« ciistrvad nvnr aboot 1530 iiod 13>*0 o«* ara 
atrong In intaoaity* fbaaa arlaa 4ua to Hd^ aaymaatrio 
aod ajraoatrio t trat^ioi aodaa raapaativaljr and provlda 
as ajceallant proof for tfaa raooanitioo of HQg io tlia 
eoq;>ouiid« In 1*fIiioro Zth^ diDltrObaDSMaat ttia fraquaoolaa 
Obaarvad at 1550 and 1350 ea*^ oaci ba t^ao to rapraaaiit 
tba iCg asyasiatrio aodt ayasaatrio stratobisg aodaa of 
vlbratl<»)a raapeetlYoljf* Ibeaa ara oorraXatad witb Baoao 
fraq|uiac«siea i^^ osA 1358 evT^* Bajmn fraquaoojr 15^ <» 
la dQpoIarlsad v&lla 1358 ea*^ la polarlsad* Tbalr da* 
polarliitioQ ratloa ara 0*^ iiod 0*55 z^apaotlvaljr • l^a 
aaalgftaant of 1350 oa*^ aa C-C ring atratohlng vibration 
proposad by Yama at ai« 0») baa baas oorraotad to 9Ci;2 
ayvaatrle atrateblog vibration* Tbia la furtbar conflratd 
by Baaao fravianajr and ita dapoiariaatiao ratio. Sbla 
aaaigBwot la in agraanaat witb tba foUowiog aaaignaanta 
•oda for diffaraat aoXaottlaa in fabla I«V* 
A vary atrong infrarad band obaarvad at 920 en*^ la 
Obvioualy dtia to C-SO^  atratobing vibration* Xbia fraquanoy 
la furtbar oonfimad by polariaad Ranan fra«uan«y 920 oarl 
witb dapolariaatioo ratio 0*3* Varna at al* (3) bava aada 
tb« UotfttlT* Mtl«fiM«f}tg of tbSj fr«%u«OQ]r at 885 AQd 
857 1^**^  for 2*etilftfo«^oitroanillii« and W oblof^2» 
iilt]ro«yiXlii« rttp«etlT9}jr. 
fb» 102 rooking fro^utnoy in tt>o infrarod sptetnia 
la asslfnod at M»5 ear^. Sbl« freq^oQoy va» Dot ototorvod 
In lasor Eaia» spoetrus of tb@ oog^imd aodtr otmaldoratlcm. 
^ - . - j « .^^  ....^...- ^^..•-.•,..-.- •|-r,|-|| , iTn i rn i i i i r m i r ^ . . • . . i .i iiiinili 









2.Cli2ore-tf^troanllloo (3) 1367 





Infrarod a^otra of m nunbtr of taono* afid dl* aabatltutod 
floerliia dorlvatlvo bavo baan atudlad by Baralobaa at aX*(26) 
and tt30aa of trl» and tatra-flaorcbaoaaiia bjr Farguaen at al«(27}« 
flMjr Hav* %B»lgm^ tb« frttiaeiicgr 1250 om"^ to C-f U M -
Ubini fied« of vibration* llMQitudtt of t l i i t f^quoacur 
in tofw fliaorinaiod b^futtoot «r« glTvo lo fabU 1«5* 20 
Aoalofy to tb iM aasigoaMOtt* liafipartd l^ ofcMbf]^  cibtertodi 
at 123^ e«*lt i^ieb i« strong in intonaityt is atslgood a* 
0*F atrotobiof fraquaooy for tbo pramot oo^poiiixl* Corroa* 
poaaiDg Hanao frequanoy for tba aana soda is 12>»6 os*^ and 
la polarlaad baviog dapolarlsiitlos ratio 0*^2* 
!l>laoula Orouod atata Fraqotoof 
p*FIttoroobXoro|»a82ana (26) 1232 
p*i<'XtiOfobroa9b9Q8aiia <26} 1 2 ^ 
poFInoroiodobaiiaaoa (26) 1228 
•-rXiioroaiilUoa (26) 1^6 
e«FliioroQbIerobaDsaoa (29) 1239 
gHmfluorobaasaoa (30) 1288 
p-Olfliierabassaiia (27) 1259 
a-FlttofOtelaaBa (19) 127S» 
sHPXiioraobolorobaRsaea (31) 1229 
Sba C«F in^plaiia baodlng «oda baa baac atudlad by •anjr 
b':. 
worktr* (19, 26«31). 1Q tilt prestiit inv^stlgatioo, tli« 
C-7 iR-pIan* tending f^rtqavoe/ la Idantiflvd at 735 oa*^ 
and la proparljf aupportta by polarlaad aaioao fraqutoojf 
7 ^ a«*^» Ve^ ffift a t al» < )^ hava oooaldarad tiia fraquaoojr 
735 oaT^ aa ring breathing jfraquaoojr t^lla firaquencgr 705 ovT^ 
aa C*F iQ*|>laQa bending frequanoy for tb« sana aoapoond* 
Kmgnitude of C«>F lo-piana bending fx«guanoy in aoaa otbar 
fiaorlnated tmnmn@a am gtw&a tmlou in fiibla X«6* 
MoiGGuia Ground Btata Fraqjuanejr 
p-^iiioroebIorc|}@ni3ena (26) 753 
p-Fluorobromo^enzana (36) 753 
p*?XuorolodObQn;»na (26) 752 
a«>FluoroiiniXina (28) 7^1 
o«FIaorooblorob®02ana (29) ?50 
lU*i aat»of*plana C-f banding vibration baa baas 
idantifiad at 305 aaT** and la atipportad by dapolariaad 
aanao fra<|u«najr 316 o«*^. Varaa at al» ih) eouXd not aasign 
tbia fraqoaaoy 305 ea*^ to any a o ^ of vibration in tba 
ooMpound uodar eooaidaration. Bouairary «a bava idantifiad 
this fytqutnoy at c-f out»of*pUM iModiog tfqo^noy tfltb 
dtj^olarlsation ratio* 
ft» (Ml atretcbisg fraqMooy tiaa batii raportad l»jr 
naojp inveatitatora O, 1^ 15» t6» ^» 28)» ;4» aaslgn tbia 
fraqtisQcjr at 1330 e«"^ and ia exe9X2«Dt3jr eoofiraad by 
polariaed Bs^mn fra%i»&ejr at 1326 ooT *^ ^a aaa8ara(3 v^lu« 
of dapolaris^tloci ratio ooots out to !io 0*55* Followloga 
are tba C-H atrototilog frvquaoolaa ebserfvd la Tarlous UOn 
























XlM vibratlOD at 353 oa*^  ot>»iirv«d in Imsfr aaaui 
8p««trua audi oorrtspooalog vltoratlaB 3^3 em'^ In iQfrar«d 
8p«otraa bft« b««n taltti} at « AmdaMotjiX vlturatloo. Tbm 
^•poljirlsmtlQii ratio for Basan JTr^ qutnoy 353 on*'' liaf 
ttteo Maaurod a« 0«8l. Xhartfora* tbia vibration viU ba 
a aapolArisadi vibratios. So probabXa oooa of vibruitioo 
oooM }f aaoertainad for tbia fraqaaoajp* Bovsirart i t baa 
baan takait aa a fundafsaotiil vibratioi}, 
Otbar fraquenoiaa obaervod i s iaaar Bamsa and iofrarad 
spaotra ara asaignad aa ooadiinatitais nod orortoaasof tba 
fuodaaeDtal. vibratiooa* 
Gorrolatioii of fundoi^ eotaX laser aaoao and infrarad 
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SaBaMJMWiiiBft 
DBsm^oicir AHB i i s ^ ^ B w urns, 
BxmM mo nmmMD i»mGTm c^ p« 
thB Infrared and uUr«:vloI«t abtofptioo tpeotra of 
ao«9 sabstlttttt^ ac«tqpb«noii«s iiavt t)««ii studied bjr 
Tanaka et al* (1 )• tbBf bata atadisd tbe affaota of ttia 
autoatltuanta wltb tba titlp of aXaetronlo and lofrarad 
spectra of aubstitatad aoatopbeoonaa* latar oa tba uXtra* 
violat aod lafrarad apaotra of ortbo* acid para- f luoroaeato* 
pbaoooaa bava aXao baao raportad by frlpatbl {2)$ dlogb (3) 
and frlpatbl at al* (h)» frlpiitbi (2) baa pbotograpbad tba 
absorptioD apaotrum of ortbo^fluoroaeatopbaoono in tba 
ragloQ 2d7U> • 278? A9* SrJ^atbi at aX. Of) raeordad tba 
ibfrarad abaotptioo apaotra of ortbo* and para* flaoroaoa* 
tc^b^nonaa IQ tba liquid pbaaa in tb@ region 300 • hQQO oa*^ 
uaing EBr» Saei and US optioa. Horaover tbay bava aaaignad 
tba ftmdaaantaX fraqaanoiaa froa H>30 cwT* io tbe easa of 
para* fluoroaeatopbanona* 0ua to ia(dc of Mimn fra^iuaooias 
and ^a ir dapolarisatiOD ratioa for para- fluoroaeatopbanQoa» 
tba assigntatnt VM only a tantativa and banco prorad to ba 
unraliabia* 2ki tbia way tba dataiXad vibrational analyaia 
of infrarad banda of tbia aolaottXa baa not baan aada t i l l 
notf* fbaraforo i t vaa found daairabXa to raoord tba infrarad 
and Xaaar Baonn apaotra of para- flaoroacatopbaoona. lb 
tba praaant invaatigation wa bava raeordad infrarad and 
Xaaar Haaan apaotra of p* fXuoreaaatopbanona aoXaouXa and a 
dataiUd TibrationaX analyaia baa baan propoaad. latb tba 
i) 
b«2^ Of (l«9olarlsatiofi ratios i t was possiblo to otsign 
ai»I oooflra oxaetljf the «fi»Botrlji« of oorttU. sodos of 
vibrations. Dtpolarisatioo ratios bavo boon oalooXstod 
bjr osftsurlng tbo lotoosltlts of iasor aumn bactdo In tbo 
polarlaod md dopolorlsod laser Bmm speotra. 
MUSISBJk 
fbe sas^lo used Is tbe prosest wofk «ms supplied t^ 
W^* B*D.B* Co*t EnglaQdi aod vas stated to be of irety blfb 
purity* 
Basaii spimtre of liquid para* fluoroaoetopbeoone were 
exelted hy tbe 51^^ A® ICrjrptoo^ Argoo loo lloe of a Speotra 
Hiyslos Model 16*» laser operated at 850 m and recorded 
using a Spex Model iVOt apeetroeeter. Tbe pbotoaaXtlpller 
used vas aonltored bjr pboton owiotiiig* tbe tiae ooDstaot« 
s l i t nldtb and seamtlog speed were kept at 0*29 6ee*i 
0*3 01^1 and 100 ea*'' 9%T slaute respeetiveljr • %• aoouraojr 
of «easttreaeRts i s of tbe crder of ^ 2 ea*^• Baaan speetra 
at perpendiottlar polarisatleos were reoorded of tbe said 
oottpoaod* fbe traoes of tbe polarised and depolarised laser 
RaaaB speetra are reproduoed in tbe Figs. 11*1 and 1X«2. 
^ e plan for laser Baaan gpeotrowter i s sbown la tbe 
Fig. I«3. 
P'YE-'^Polarized laser Raman Spectrum of Liquid 
p-Pluoroacetophenone. 
Fig, 11,2 Depolarized Laser Raman Spectrum of Liquid 
p-Pluoroacet ophenone, 
iul 
£gr using Kjplptoo-^ gOQ icm «oui^ «« at 1^^ 5 A^ > Haaao 
shifts ttpto 3200 tm'^ bavt bs« Masurtd. fiB tbs polarlzsd 
sod dspolarlssd lassr Esfno spsetra of p^flnoroaostopbsooosy 
3^ Haaao bands bavs bsso Obsssirsd* His Smma bands obssrtsd 
in tbs polafissd lassF Hasan spsotma ars vszy shavp and vtXl 
dsflned vfolXs In tbs dspolarissd lassr Baamn spsetrus tbess 
bands ars not sbarp but a U t t l s broadt in gensral* fbs 
dspolarisstion ratios ar» oalcalatsd by asaaoriQg tbs Intsn* 
s i t ids of aae^ in baols of poXariatod and depolariasd laser tlaoan 
spsotra* fbese liaaian tr^qmaotea ars olassifldd as polarlssd 
and depolarisied depanding apon tba value of depolarisaticn 
ratio* For dspolariasd Baisan fi^ t^ usncijf tba depolariaatioo 
ratio > 2/^ «bils f^ polarissd aaoan frogpanosr tba dapolari-
sation raUo ^ 2/3» All tba Baitan bands bava bssn assi«nsd 
in taram of fund&nsntals and coaftiination, ovartons of funds-
osntal vibrations of tba solsculs. fbs assiinsants and tbs 
dapolarieation ratios of Hasan fraqt^noiss ara pressntsd in 
tbs fsble I I . n 
rnxmnLimxiAL mocKaam 
Sbe infrared speetrua of liquid p* fluoroaoet^enone 









































l>2 or b^  OC a&f(mamt%oa 
o.p. 
a^  0-0 deform^UoQ l .p . 
Ef 0*0 deforoatlOQ i«p« 
b, CO dtf or4aUon o.p. 
A^  300 • M)8 
b^ C-S btodiog o.p. 
a JtondaatDtttl 
a fundafltotal 
b2 or b^ 0-H banding o.p. 
Ji^ 290* * 735* 
a^ 0-K banding l.p. 
a^ 0->B banding i.p. 


















































1 C-F atrttoblof 
1 0*B binding l . p . 
1 G-G stretcblBf 
1 C»CB3 «yaHMtrlo 
itratobiog 
1 C^ CB^  aaytamtrlo 
8tr«tobing 
1 C-0 st7«tcbiag 
1 C-C stretohlng 
1 G-0 streteblBg 
C a 0 etretcblf^ 
1595* • loto* 
1 0*H g^mmtrio strdtoblng 
i o CHj group 
( 1«*50* • 1>*75* 
1270 • 1690* 
1 C-B strstobiug 
C-B strttobiog 
2X 1603 
Botti l .p . m in-pUacy o.p, » out-of-plan«» 
* frt^anoiva takan froa iafrarad apaotiua of tlia 
aaaa aoapoimd. 
b o 
•ptetropbotootttr (Nodtl $21} lo tb» fr«qu«nc/ ragloii 
250 • kOQO oar^* lli« liquid otU« ustd i s t)i« pr«MOt 
iinr«8tismtic)ii» vac of CsBr of tbiokoMS 0*025 ••• iieeiii 
t iat iftts k«pt at 32 3slfiut««« frsqusnor aeoufaoy i« 1 2 c«**^  
mt stro 8Uppf«sfioo. lb* <i)«etropliotoatt«r ima OAUbrattd 
iritli th9 b«^ of the •pootrua of tbin f i la of pQl^Btyrm* 
^ 0 iQffafwd speetropbotoflMtor usod io tbe fooordtng of 
iofi^ iredi apeotmam of tbe said eoiB^ ouod ia aiiplaiDad io 
dataiX io tba obapter !• Tba traoa of tbe infr^ r^od apaotraa 
of liquid p* flttoroaeetopbaoQoa ia jroproduoad 6era io tba 
Fig. ZX«3. 
Poipkiii ELsar infrarad ap^otrepbotoaator (521) vaa usad 
to racord tba infrarad apaotroa in tba fagioii 250 • MJOO on*'** 
&¥ infimrad babda bava baao obaorvad in tba abova saotionad 
region* tsoat of tba baoda &r9 sbarp and wail dafioad %AmT9m» 
aoaa otbar banda ara laaa intanaa* Zntaoaitiaa of tba infrarad 
^aada bava baao viaual^ aatiaatad in tba aeala 0 to 10* All 
tba cftaarvad banda bava baan aaaignad intanui of varioua funda* 
•antdla and eoiibiaation and ovartona of fundaaantal Tibrationa* 
Tba aaaignaanta of tba infrarad fraquaooiaa vitb tbair iatan-
aitiaa bava baan givan in Tabla IZ*2* 
Xba oolaeula p« fluoroaaatopbanana ia a di-aubatitutad 
msmmjjuLMj^^'^ o» i^it^ A^IIAI 

















































bf C*F bonding o«p. 
a ftrndafsftotaX 
b2 or b^ 0-C dtforssaUoD o*p« 
a funa^aeotal 
b^ C*C d@for;i:atiaD o.p* 
d^  C-c dsformatloii i .p* 
a^ 0*C dtfor::KitiOfl i « p . 
b^ 0*C defOTiSstiOD o,p» 
A, 3»30* • *^8* 
b^ C«H bendiQg o.p* 
«•} C-F bttodlng l«p« 
a fundaMBtal 
a fUodanMitaX 
B^ 575* • 300* 
b2 or b) C-fl b«»dlof o.p. 
a^ ring brtatblng 


















































A^ 290 • 735 
a i C-B twndiog l . p . 
a^ C-B tM»nditii l »p . 
Bf S35 • 290 
&! 0-B beoding i«p» 
a i O f stretobiog 
a . C»B boQdlDg l .p« 
a^ 0-C stretobiog 
a^ C^CBj sjrtaaetrio stretobiog 
b^ C-OB^ asy anas t r i o 
* ** stretobiog 
B, 1010 • M)8* 
k^ 595* • 835 
B^ 680 • 760 
a i C«C stretobiog 
at C*C stretobiog 
a^ G^ stretobiog 
B- 1100 • M>8* 
At 2 X 760 
a^ C-C stretebiog 
At 1080* • 560 
At 585 • 1080* 
A^ 1100 • m* 



































2 t ^ 
2fV8 












a | C « 0 iitJNitoblDf 
A| 1109* • 595* 
A^  1155 • 560 
A4 1161^* • 560 
Ai 1155 • 575* 
B« 1100 4-680 
A4 2 X 955 
B4 965* • 1070 
Ai 2 X 1080* 
At 1155 • 1100 
Al 1010 4> 1^5 
A, 1070 • 1355 
Bt 1109* • IMO 
Bi 1603 • 955 





1010 • 1689* 
1355 • lMf2* 
C^H. s/wMtrio stfttobiog 
in 0^3 groap 
1»f50 • I W * 














«l C*»fi stfVtobltMl 
k^ 1512* • 1595 
A, 2 X 1595 
A^ 1595 • 1690 
B^ 290 f 3070 
S<^«t Visual dstimatat of tb® inti^Gsltles bave betn toktn 
ID tim seals 0 to 10* 
i*p* « iii-pXantf o»p« « out«of<»plaa«t • « strongi 
vt « 9«i7 atrotigf b « broad, bs • broad stroogi 
wt •• V9«^  atronft sb « sbouiaert rv * verjf w«iikfii«tfs«ik« 
* frsq^enales tukso frc^ l^i^r i^aaan spsotrua. 
^ 1 "> 
Iwnztiit. Btr« tiro bjctrcytti atoau of b«o2«o« in 1* 
and IH> pQsltiaiit art r«plaQ«(i bjr •COCH3 and fluorint 
atoai ftfptetiwly* If tbt atibtUttitot group * COG&3 
i t attuned to \m a tlnglt taatt point and l i t t in tbt 
plant of tbt aoltoult, Cshr P<^ nt group may Xm atoribtd 
to p* flttoroacttopbtnoot aoltoalt* Apart froa tbirtjr 
nora^l modtt <dt Tibrationst tbtrt v i l i alto bt toot 
fUfidawntal @odtt of vibratiaos dut to tbt interoai 
Tibrationt of tbt tubttitutnt • 00083 group* 7bt tbirty 
fundaotntal vibratioot of btosent oao bt dtvidtd into 
11f a-t typti 3f ag typti 10| b^  typt and 6, b^ typt aodtt 
of vibrations* 19)t aoalytit of tbt ctiatrvtd l^ ands and tbt 
attigOiSBOts of fundaatntal frt^titnoios bavo boon propoatd 
on tbt basit of dtpolariaatio} ratios of aooan bands and 
on tbt ooiipariton «itb tbott of sioiiar ooltoults* 
Aroatitio OH ttrttebing frtqutnoitt art gtntrally 
Qbttrvtd vitb a ttrong inttotity. sastrt art tix C-H 
strttobing frt^utneitt in tbt benstnt nolteult vbiob 
apptar in tbt frtqutnoy rtgion 30OO • 31OO QWT^, Xbtst 
frtqutncitt art govtrwd by a^ ^ (3062)t b|Q (3060)t 
•2g iZ<^7) and tfu (308O) aodtt of vibrations* 
Ibt last two aodtt art doubly dtgtntratt* IB tbt 
eatt of p-fluoroaettopbtnont, only four 0-B ttrttebing 
frtqutnoits art tzptettd at tbt rtaainiog frt^utneits MiU 
7_. 
d^ ptDd upon tli« MLSf and naturt of tb« tfubsUtuants. 
Oit of tbeM» ORljr tbrea fr«qu«nol«a at 30051 3035 ao4 
3070 ea*^ am oonfldarad aa C«*B atrateblng fm%tiaiiolta. 
Ite tiie laatr EamaD ajiaotraa of tba aaato aolaoul* ODljr two 
frtquanoiaa art obtarvaii at 3015 and 3080 os-^ «blob art 
corrtlattd vltb infrared frtqutnoltt 3005 aod 3070 otT^ • 
Sbt lastr Eamao frtqutQoitt at 3005 aod 30SO oaT^  art 
polariatd baviog dtpolarlsatloo ratloa 0*55 aod 0*50 
rt«p«etiv«2jr« 
tilt OB out-of-'piaDt Ikeodlng frtqueoolet apptar io 
tbt rtgloQ 750 * 1000 osT^* Ilitut aft dtrlirtd froa 
^aj <995>t «aa <975)t •tg C8»>9> and aj^ (673) ««»«« of 
laeoztQe and irt oboraottristic of tbt poaitloo of tbt 
aabstltutiitt (5)* BtUasir (6)f QityitaQalgr (7> aod Bandit 
& ^fftfi (d> bavt aadt ab txttnalvt stttdy of 0»B btndlDg 
YibratioQt In variout tubatltttttd btostotp* I«ool(ing 
iBto tbaat tbt frtqutiicitt 735 «i»l 955 otT^ obttrvtd in 
lafrartd tptotrua of p« fXuoroaettppbtooiit bavt btto 
asaigatd to 0-H out*of«plant btndlog aodt afttr oodparlaoo 
tfitb Eaaan frtquteclta obstrvtd at 725 tM 965 ewT^ and 
tbtlr dtpoUrlaatloa ratlot 0*90 and 0*70 rtsptotlYtljr* 
Baaas frtqutnoltt art dtpolariatd Ija oaturt. tr^rtttiwaa 
816 and 835 «a-1 la infrartd tptotrtia and 825 and 8^3 oa*^ 
la ataab tptetrua my t)t atalgatd to 0-B ottt-of*plant 
v., 
tttfidini »od« of irlbratioii** But dcpolArisatloo ratios 
or tbs SLam» fvoquonelof 825 i^fMl 8I»2 ca*^ aro 0*38 and 
0»W0 fOtpaetlToljr and btnoo thaso aro polarlsod* Bouavort 
tb«80 Yilirmtloi^ bava tNioe t^aa li^  fuiidaaaQtal viltratlooa* 
fba C*B In^plana banding aodaa in aabstitutad 
banaaoaa oecui* in tba fraquanoy jragion 1000 • 1300 oa*^ « 
fba six C»H In-piana banding vibrati<X}a afa t^toinad froa 
«2g (13^0), bai <1152), 021 (1178) and o ^ (lOj?) aodaa 
of banxana* laat tvo aodaa ara doubljr dagaoarata. Do di* 
sabatitotad baoaanaa ool^ four C»B io*pXaoa bending Yibra-
tiona ara Obsarvad and tbe raaainiog vibrations oorraapond 
to tba banding aodaa of aabatituanta* Sba infrarad banda 
o^aarrod at 1070t 1100* 1155 and 1265 oaT^  bava baen 
assignad aa C«B in*plaaa banding vibrations* fripatbi 
at al« Q*) bava aaaigoad <ml9 two infrarad bands 10?0 and 
1090 oa*^ for C*B in-plana banding aoda of vibrations* 
fba poiariaad Baoan fraquanoias 1080t 1109f U&* and 
1270 oa"^  bavo baan oorraUtad with tba abova aentionad 
infrarad fraqnaneias for 0*B in»piana banding vibrations* 
!)0poIarizatioB ratios for tba Haaao fraquanoias ara 0*35« 
0«60f 0.25 and 0*^ 0 raspaotivaljr. 
Iba ring daforaation fraqaanoiaa art darivad froa 
*2g <^^>t ^sg '^^ ^^ ^ *"^ *2u ^ ^ ^ "^^ ** ^ baoxana. Modas 
a2g (606) aad w^n ^^^ *^ doubly dagantrata ubila aods 
^2g (703) i t oOR*<i«g«Q«rat«. 
fb« oarboo eut-of-pXan* (i«for«atiOQ vlbraUont 
dr« dbtalEMd froa wodmrn %^ (^ 0 )^ aod b2g (703). Ondvr 
ooaponeots* 33it up^ r^ and Xovvr oonpontQic of tbis 
•2a ^^^ '^^ ^ ^^ *^ '^**'^  identlfi«d at ^ and t»00 <»*'*• 
Baaao fraqtaaociea oorraapooding to tbaao oos^ oQaota ara 
oibaerv^ d at 505 aiKl M)d es"*'. Itafliaii fraquenoiaa ar« d«* 
S>oXari2«d as tbalr dapolarla^itloi} ratloa ai« 0«80 D^d 
0*83 raapeotlvaljr and aaoti of tbom i s > 2/3. Corraapooding 
to t>2f (703) aoda ii^lob la noR«pianar caxboo banding noda 
aasigsad at 6dO os"^ in infrared apectraia and ia confiraad 
furtber bjr dapolarisad Eaman fraa^ancjf ^5 o>s*^ « 12ba de* 
polariaatioQ ratio of wbiob ia U«dO* fto assignaanta of 
tbaaa eompooanta for tba noda a^ a ^ ^ ^ ^ ^ °^^ ^^^^ ^ 
Tripatbi at al* (^)* 
fba deganarata in*pi«tna ring dtforisation a^ g (606) 
Moda of bansana aplita up into ttfo ooai^ ooanta iindar raduead 
ajr«atti7« Infrarad banda 585 «nd 5^ 0 oaT^  bava baan 
oonaid^rtd as uppar and Xovar aoapooanta of tbia aoda* 
Saaaa fraquanoiaa for tbaaa eoi^ ^Qoants ara aaaignad at 
595 and 575 OB"^* Tripatbi at «!• (^) aaaignad ooljr ooa 
coapoBant of tbia aoda %2t (^^) ^ i ^ «« ba^ « idantifiad 
botb tba ooapOBanta of tba aaaa aoda in viav of Baaan 
fraqaaneiaa and tbair dapolariaation ratioa* aaaan fraqaan-
eiat ara polarisod baling dapolarisation ratioa 0»5 and 
0*60 vtap»oUY#27. 
fli« four earboR'oarbOR 8tr«tetiliif aiodts #f tensstii* 
oaMljT, .21 (1596), tin <1**85)f »>2u <1310) *ai *ig (992) 
ar« expeot«d to giY« rl8« to six earboo strotobiog vibra* 
tloDS in stibstitutod bto2e8«s» Modbis b2ii (1310) aod 
a^ g (992) art con degeotrato wblle siodas asg (1596) and 
•la (1^5) ar« doubly degeoerato. Ondar C^ r Ciraa»ti!]r ttat 
doubljp d^ganarcita aiodaa apUt up into two ooaponaots. 
Xnfrurtd fraquoooiaa 11^ 50* 1^ 75f 1502 and 1595 OITI liaYo 
baen asaignad as oarbon-oarboii st^toblfig fapaqiwoolaa vbiob 
oorroapoQd to tbe doub2jr*degsoarate moas» a^ n (lU-d5) and 
2^g (1596) of baoaana. In tba laaar BasiaQ apaotrua aXl 
tba four caBponanta of tbaaa doubly degaoarata modea could not 
ba Obaarvad* Sonavar, tbraa laaar asmmi baoda at tM»2t 
1512 and 1603 09*1 bava baao obaarvad for oarboo atratcblog 
Yibrationa and oorralatad ultb tba iafrarad fra^uaociaa 
1*^ 509 1502 and 1595 o«*1 io tba praaant solaoula. aaaan 
fraqoaneiaa ara polarlaad batlog dapolarlaatloo ratioa 0«60f 
0*57 aad 0«60 raapaetlvaljr. A atrong lofrarad band at 
1295 OITI la aonaidarad aa 0*0 atrateblag Ylbration dtta 
to b20 (1310) aoda. laaar aaaan band for tba aaaa aoda 
la 1305 OB*^ * 2ba dapolariaatioa ratio for tbla band la 
0*53 and banoa tbla fraqaanejr la polarlaad* 
Sba 0*C atratcblng fra^uano/ oorraapondlng to aig (992) 
v.; 
«od« of b«02tii« ! • mfXgmd mt 1010 e«*^ in tb* infrartd 
•ptetnia of p* fXuoroaootopboiiooo* This froqiwnoy eould 
not bo soaigiivd In tbo lator Baiian spootruBi of tbo sdiao 
eoniiottnd. Ibis frtquoeagr i s aUo oaXXtd ai ring broatblns 
frtquoDoy* BXng broatning froquwooy baa boon noil attMiod 
bjf Tarioiia inveatigatora io dlffez<0Qt aronatio oonpoundt 
(9 •> 1 )^* ^raolk ot aX. (9) bavo roportod tbia froqaaoor 
at 1020 oa*^ io o-aitbjflanilino i^ila aao (11) and ^oabi 
at aX* (1^) bave aasignad tbe ring braatbing fraqaanoijr at 
1000 and 1003 OB*'' i s oreaoX and a- fXaoroaniXioa raapaetiiraljr* 
In anaXogjT to tbla» tba present aaaignaant of ring braatbing 
fraqaamgp is fairXjr good. 
0 m 0 atretobiog fraqaanojr baa boon tboroogbljr atudiad 
by various tforkars (kf 15*17) in aoetopbmooo and substitutad 
acetopbanonaa* lb tbe present inveatigatloni we bave takmt 
tbe infrared frequenojr 1690 oaf ^  as 0 • 0 atratcbing frequen* 
ef v^ieb i s oQufiraed bjr tbe Baiian frequenojr obaenred at 
1689 ea*^ • Xafrared freqaenojr for tbis aode la strong in 
intensity and tbe depoXarisatioo ratio for Baaan fraquenflgr 
for tbe saae aode i s 0«52* Below are giYen 0 » 0 stretobing 
freqaeaoies in aeetopbeoone and stabatitated aoetopbenooet 
io XskbXe IX*3« 
Mol«oul« Orouod Stat* Vt^t^wtaas 
(carl) 
Aoetc^beoon* (15> 1^87 
o-PXttorofee68al4ehyit© (16) 1708 
p-?liiorot36fizaMQt}yd0 (16) 1760 
o^FiuoroucotOi.'hecone (*>) l68o 
l^thalaldebyd© (17) 1702 
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133« oxteiist^o Btttdy of C-I? otyetchlne tsod© feaa boao 
ai:2c ^ eovemX workers (l8 - 23)- Harsliabaffl et al» (18) 
iKive a«3%n«a C»F «tretchl«g froqueiaoy at 1232 CB'% 
1 2 ^ ca"^ and 1223 co*"^  for p- fluorocblorObeDsseacit ^ 
i'luorebrosMSibeaaon© a«d p* fXiaofOlodcte«i3««i3« r««iwotlT«ly. 
Itrisbnaaacbari (23) has assigned tbt frequftncy at 1229 ca*^ 
in 'a* flttoroQt}lorobeRz«Q€ to C*F atrstcblng aod« of 
vibration. ZR AOKlogjr to tbls e broad b^ ittd appoarlng at 
1230 ««"'* to lofrarad »p«otru» i s toteata aa C-f atratcblof 
fraquaney ubloli la corraiatad vltb tba laaar Baaan fraquane/ 
&t 1238 or*^ for tba aaaia moda. Dtpolarlsatlon ratio for 
thla frequsBoy ia 0«2. ^barafora tbla fraqoaney la takaa 
fts A poiariMd on* oorrMpondlng to 99mm%tXn strotobini 
•odi* of irlbmtioD. 
0-F b«cfii»f «odt of •itiratioQ i»as not totoii MslgeoA 
bj Tii^atbl ot al* (^ )« Tlwjr bavo asalgiiod a band at 
766 oa*'' Mltb mdilua t»toositjf lo tba infraiwd tpaetnui 
to 0»B Qut»of*9Xaiio banOioi vibration. 4etuaX2jr tbajr bavo 
givoQ only tbo tdntatlvo atttgnootiit of tbla vibration (Sao 
to ^ e iad( of Eaaan data and tba vaiuo of dopoiariaatlfiii 
ratlot* HarsloiiaB at al* (18) bava raportod tba 0*f in* 
plana bending froquaoojr 753 CB*''t 75J OnT^  and T»Z ea~^ 
in p* flQoroobiorObanaenoi p* fXuorc^ r^ bansano and p* fluoro-
iodobaozona raspeotiva3jr. ?araa (2) bas aaaignad a froautnoj^  
at 7*^ 0 oa*^  in iofrarad apaotna mt 7M*5 oa*^ in laaar 
Baaan apaetraa vitb dopolarisatioo ratio 0*3 to C-F io*plana 
bending aode of vibration in a- flaoroanilina. SiicLlar to 
tbia a«eignaent» vibration at 760 ca*^ in p* fiuoroaeeto-
pbenone aoieetiie baa been aatigned aa 0»f io-piane bending 
aode of vibration* 
Infrared frequenoy 290 oa*^ ia oorreiated vitb laaer 
Baaaa fretuenoy 300 oa***. It baa been aeeigned aa C»f 
bending ottt«»of•plane aode of vibration, tbia Raaan fre* 
qiieoejr ie depolariaed baving depolariaatioa ratio 0«8l* 
vaaATiciis OP O»CH3 
ibe ayaaetrie and a^raaetrio C^ B^j atretebing froduenoiea 
( o 
m% 1355 aod IMO o^r^ lo tli« iofr<yp9<l aptetms* aotb 
ih9 fr«tttcQoi«a aro vtry ftrong in iot«osltjr* Cofrttpondi* 
ing HaaaD fr«^ttti3Qi«8 a ^ observdd at 1J65 and lM5 eiT'^* 
0*58 oad 0.?5 
F«ap0otiir«ljr* 
•iMiiiiiiiiinriiiiiini •mi i iMi i ' i Mil I mm niBiii i i win iiiiiiiiiimiiriii] a f m m i i innni 
7h@r« mm %hrm C»B •tf«itebiiig ^thwQ.tkmB l a tbd 
aettijrX gFOttp« ©lit of th^m oao i» mfmm%i^Q viliraUoo «nd 
tl}« oliiar tvo art asyintlrio vit)ratlmis« irb« ^^m»%ti.& 
C»B stf^te^ldg 9ll}ratloB li»8 iHieo iddntifi^d at ^ 5 0 osT'' 
in tli@ later Sano 8p@iitra« fiiis i 9 a folariJMd l&aaa 
^a»d« IB tise infrarod 8p@otnia t l i i t fsm^n^ i s ido^tifiod 
at 33?? eo-n iUiotbsr a»«> vlbratloD at 2932 c«-t b . . 
iMiefi eorr#lat«d ^ t b Infrared fratvmnejr of 2920 oo*^* lit* 
polmrtzatloo ratio for 2 9 ^ oaT^ iMnan vitiratlQii la 0*22« 
fiiartfora tbla ia « polarised liawQ vibration ao^ i t oao 
Qot !>• aaaigoad to aayssatrio 0»a atratebing vibratioii of 
^ $ sroi^* facing tbia into aeoouotf tttia Yibratioii iiaa 
%mm tafecaii aa a eoabioatioii Yibr^xtion of apaoiaa At i\h%Q • 
1^75)* Siaiiar aasifDaafit ia alao Mu3a for tba infrared 
frequeoegF 2965 ca*^ uiiiob ia oorralated vitb tbe iaaer 
Sawoi fre^ueooy 2922 o«*^* atusan fre^tieiiisy 2972 &C^ ia 
pola^aed ifi oatore aa i ta depoXarisation ratio ia 0*50* 
r^l 
So •p«eirie Malfoatiit i« don* for tlM fr«qtt«nGl«s 
335 mnd >*>6o o«*^ in iQfrmrvd fptfetrua. Ill BaaHin iptetrua 
tbMt fr«i^«noi«s «¥# «ibS9rv»d at J ^ 9^ni k7^ «B*^* f^«« 
av« poUrista «n4 d«poiaris«d frt^utnoitt b^vlng atpolari* 
Sfttloa ratioa 0«30 and 0*83 rtaptoUf*!^* ^ ^ M frtquM-
el«« a?» ooo8i{|«r«d «i Aindaswntal fi«t«*no^«*» 80 dvfiolt* 
moaft of TibvatKn oou24 h9 aasigood for tli* mhow atntloncd 
fi«%u«iiol«s« 
Otb«r fr«qa«Doi«t obturYtd in iiifrarad aod lasar 
Oafflan apaetra ara aaalgcad aa eoaiblQatloiia and ovartQnas of 
tba fUoaa^Dtal irlbratiooa* 
Gorra3Atloo of ftrndaa^taX laser fiaaao am} isfrarad 
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fflHAiflKflr r m ( A ) 
umsL Bmm amstm or 
Xo ttm recent y«ari thtr* n s^ &e«Q an nctlirt 
iotereat in tb« vibratloiiai tissigoswnts of b«ii«yl 
oospounat (1»^). OliattqpadtVdy (t) has not studied in 
aetail tb@ TlbratioQal 8p«otrua of tbls ooa^ound. St 
^as aeasusea t&e lofraved 0p«otrua of tbia ooi^ouoii 
startle^ froa 67J> ca*^. fberefon^ SCKI® of tb« oat«of* 
piano vibrjtlQQs ^ r^e not invisstlgat^a duo to tbe 
ll!^tationi of recording instramnt osed* 
Ibe infrared apootru!^  of benaj^ I benaoate in tbo 
liquid pbaeOi baa boon x« ported bjr uti (5)* Xbo funda* 
mntal vibrations \^se aoalj^ aed t^ntutivoijr on tbe basis 
of assignt!i@nt8 of tb@ iribrationul bands of sttsXlar t3o3«ouXes 
as tbe H(i@an spectra and tbe Oepol^rieation ratios for tbe 
M-ma bands of tbis oos^ osand uer@ not determined euriier* 
jJue to tbis fact i t ooald not be possible to usaign eacactljr 
tbe 3|r^tries of tbe fuodiioentaX aodes of vibrations• 
Tberefore ve bave recorded luser Mmm spectra (J^olurised 
and depolarised) of tbis of^ ti^ ound and tbe depolarisstioo 
ratios of tbe ilaaao bands mf oelcalated witb tbe belp 
of tbeie spectra. Witb tbe belp of depolaria<itiOQ ratios 
ve ere in « position to confora tbe ex^ct sysnMitries of 
tbe noraal mo^s of vibrations* Tbe infrared speotrua of 
tbis compound in tbe liquid pbase bas also been recorded 
in tbe region 250 • M)00 cs*^t «» ^^at tbe infrared data 
given tagr Cbattepadbyaj (1) could be ioDroved* fbe funds-
b 
ntotttX fr«<|u«ii0i«s ctoM9rw9d in Urn lofrartd «o4 IAMY Battm 
sptetr« sur» corrtX i^tea and un l^^ Md aeourateljf oo tli# 
basis of aejoUris^ktioo ratios uf tbo aata&o liota. VM 
ozaot sy!3Sitt7i«« of v^ r^lous normal •IbrtftUons ba¥» b««ii 
omtirmd »itb tbe b«Ip of dspolariK^itioa ratios• £Q tb« 
pvoseot work \m h^rQ proseotsd tb« dctall«di study of lassr 
aaffiao ai^ lofrared sp«otra of beoayl bsnsoats. 
ffa@ ooiapouDd beojsyX bensok&te m^a B*P*a* speotroscoplo 
grade mnd ua^ used wltbmit furtbsr purlfloutlon. 
For tbe Uamxi spsotrat tbe liquid v^s feopt ID a 
standard 0*3 ol eoll* Argon Ion lamv of u£^ctra irbj^ aloa 
Hodsl 16W bavlng tbe po»tr of 7&) wcd at ^dSo 4^ (bias Uos) 
vas used for exeltatloo* Sbe i^azsan si^^etrs usre r«oordsd 
on a Codsrg c^ O apsotrostster wltb sUt wldtb 8 otf"'*. fbs 
tss^raturw vas 29i%» Xbs scmn spssd vms ^spt at $0 eaf'^  
psr nlfiuts* i^Xarls«rs usrs ussd to rsoord tbs polarlssd 
and dspolarlssd Isssr asaan spsotra at psii;»SBdleular dlrse* 
tloQs* Zbs polarlasd and dspoiarlssd lassr ^mwa si^sotra 
of bsns/l bsnsoats ors sboiio In tbs Figs* lllU>•^ and 
IIXU)«2 rospsetlvaljr. 
Saaan nblfts baYs bssn aisasursd upto 3199*7^ oa~^ bjr 
20OO 100 
Pig. Ill (A).2-a Depolarized Laser Raman Spectrum Of liquid 
Bensyl Eenzoate ( 1 S"o —'2-ooocm""' ). 
4000 3000 2000 
Pig. Ill(A) .2-^ Depolarized Laser Raman Spectrum of Liquid 
Benzyl Be'^ zoate ( 2000 - 4000 cm )T 
2000 ISO 
Pig . I I I (A) ,1 -a Polarized Laser RajmaJi Spectr-um of Liquid 
( -i^n - onoo r»m l _ Benzyl Benzoate ( 150 - 2000 c ~M-
Pig . III(A),1-"b Polarized Laser Raman Spectrum of.Liauid 
Benzyl Benzoate ( 2000 4-00 cm" ' ) ,* 
8 
u«if« Argoci ioQ la3«r source mt exdUng radiatioo 
^380 4 (^l»2ut lltm)* 3$ Mmm b&ods btt?e Iweo <al)8«rv«d 
ID tbd polarised and dftpoXarl2«d Xoi^ or Bamn spectra of 
tbe ooffi^ iomid* XD tbe polarised laser aamas speotruo tbe 
iiamo bfuads are very strong lo loteosity vblle i e tbe 
depolarised laser ^ssm speotruta ttiese hwadt are lass 
inteose* 411 tbe aai^ ait bands observed lo botb tbe spectra 
ore veil defioed. 1^ s^asurlog tbe iotensities or tbe 
aanao bdOds observed lo tbe laser iiiimn s^ >eotra at two 
perp@odioular dirsotiaost tbe de^olariscitioo ratios bave 
been calculated* d^tsoD bmda ore classified as polarised 
and iepolerised der^ ending apoQ tb© aaiaBrical valaes of 
depoloriaatioEi ratios« ao^ saii frequencies baviqg depolari-
satic^ ratio lesa tbao 2/3 are considered as polarised and 
otber depol^i^ed nitb depolarisatioo ratio greater tbao 2/3> 
All tbe ODttaan bands ure assigtied as fucdasieotjils and couibi* 
nations and overtoies of fundamentals* Zbe frequeouies of 
observed laser aatian bands t tbeir de«)Olarisutioo r^ktios 
and tbe assigniaent of tbe fund^aiental frequencies to different 
modes of vibrations itre given in tbe Table IXZU)«1. 
Tbe infrared absorption speetruM of bensyl bensoate vas 
recorded in a CsBr cell of tbiekness a.075 aw using « l^rkin 
hv-j 
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mmth MMza^ ii^  
AttlfQatnt 
o.p. 
0*0 (S«f oraatiOQ o.p. 
C*C daf Qpaation O.p. 
C*C deforaatlflfi l . p . 
2 X 308 
G»G ii9iGfmaXtm i . p . 
C»C dvforaatloQ o.p. 
0«S l>efKtlag o.p. 
« fondaatataX 







Q«0 rlQf bMatblQg 
0-^ liandlDs i . p . 
C-€ banding I . p . 
908* • ^ 1 . 5 7 
C-B btDdlQf i*p* 














































C«H twniilQg l .p . 
C*0 ring gtr^tebiof 
i70* • 705* 
C-C ring strttobliig 
0*0 ring 8tr«tobliig 
C-C ring 9tr«tcblQg 
1372* • 30*>* 
16(X»* • 1210* 
1310* • 1582* 
Iif5l»21 • 1»^ 95* 
0*5 9tr«toblRg 
G*B strvtelilfig 
2 X 1582* 
2 X 1600* 
•fr««u«ii0l«t tak«ii from tntrur^d sp^etrua of tb« 
9 
£lair-521 doubl* totas grating lofrarad ipaetropbotoMtar 
in tbt fra^utnoy region iMtwaan 250 • ^000 eiT^ tmdwr 
tiigb rasoIttUon. Soim tJjM vas 32 taloutaa and fraquanejr 
aeouraey jc; 2 oiT'' at saro supprassloo. ftia apaotropboteiMtar 
vaa oalibratad ultb ttia balp of tiia apaotrua of tbln abMt 
of poljrstjrran* Xtia desoilption of infrarad apaetropbotoMter 
ttsad in tba praaaot loveatigdtloo ia glTan to tba Cbaptar !• 
Tba infrarad traca of baoayl banaoata ia abows io tbe 
Fig. lU(k). 3« 
In tba fre^uanoy ranga 250 • K^K) oa*'', 79 infrarad baoda 
bava \i9«a c^servad io tba infrarad apaetrua of baosyS. toansoata* 
mffairaot typaa of baoda ara obaanrad* Hoat of tba baoda ara 
V9ify atrong and atroo in iotanaity «bi3a tba otbara ara 
broadf broad atrong aod W9&km B«M abouldara ar% also 
obaarvad io tba apaetma* fba intanaitiaa of tba obaarvad 
baoda ba^ a baan attisatad viaually io tba aeala 0 to 10. Iba 
iofrarad fraquaoeiaa iotaoaitiaa and tbair probabla aaaigo-
aant of banayl baioaata ia g^vao io tba Tabia XXZ(A).2. 
€ifjm^mim'fm'^mt^^mmw4mmmm' 
BaoayX banaoata ia a aono-aitbatitutad baoaaoa aoiaeula. 
Hara ooa bydrogao atoa of banxana in 1» poaition ia rapXaoad 
by •OOOCB2G5B5. If tba aubttituant group •COOCB2C6H5 i s 
WAVeLENOTH (MICRONS) 
l » 20 30 40 
2500 2000 
WAVENUMBER C C M " * ) 
500 2S0 
Fig. III(A)T3 Infrared Absorption SpectriJm of Liquid 
Benzyl Benzoate, 
' I ' 
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Q? BEBZTL fiEHZQATK 
^^'^•••••••• i^^^^^H 
AfsigfiiraDt 
b| 0 * 0 0 X 1 2 0 ^ 5 <ji«f oroatlon i 
b i 0*0 dofor^iatloQ o*p« 
b^ 0*J dofori^atioR o.p* 
a^ 0-0 dftfomatlon l * p . 
A^ 258 •»• 308* 
A^ 2 X 30)» 
«1 0-0 dvforaatlOQ l . p * 




















































h$k • 2»*1* 
C*0 dtfcrmatiOD o.p* 
0«B iMndiuc o»p« 
to| 0*a bending o«p. 
a lUodbiotDtal 














a*H beoding o»p« 
C«-0 rlQg braatbiog 
0*S banding i«p# 
0-H banding i.p« 
908 • 2»>1 .$?* 
C^ H banding l.p« 
0*a banding i«p« 
C-H banding i .p* 
C*0 ring atratobing 
308* • 1021 
670 • 705 
0-C ring atratobing 
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1025 • ^9* 
0-C r ing t t r t t o b i n f 
1210 • 30*» 
1210 • 308* 
522* • 1002.57 
1313*93* • 2»*1.57* 
1310 • 258 
0*0 r ing 8tr«toblog 
C-0 r i»g stretoblQg 
1100 • 520 
1172 • h9*' 
2 X 820 
320 • 8I»0 
1372 • X^ 
2X&*0 
520 • 1210 
1028.35* • 705 



























B^1177 • 705 
A, a X 955 
B^  955 • 1002.57* 
A^  1310 • 158a 
A| I«f5l.2l* • t*»95 
«i o«a ttrstobiog 
ft) C*fi ttr«toi}iDf 
«) C*H fltr«teblfig 
1^ C ^ •tretcblng 
4 | 2 X 1582 
A) 2 X 1600 
V^ 1 J 
Sot«t ?itttal •stl«ates of lnt«Q«itl«t b«T« b««n tak«n io tb« 
•oalt 0 to 10. 
i.p* • inopXaotf o.p. • otit*of*pIao«f t « strong^ 
• • • Tafy ttrongy w f • v«fy verjr •trongt sb > sbouldart 
V « vtakt w m W9ff w««kf vs « wtak stroof, b » broadf 
bi • bread stronp 
• fraqatnelas tdun fron iaaar fiaMUi apaotra of tba aaaa 
eoapowid* 
rtfaratd am a aingl* »»•• point aod l ies io tbo pXaM 
of tbt aol«cuU, btnsjfl btiiso«t«.«ijr !)• fttauowd uodir 
O^ v «3P»»«t«3^ « Sti« tblrty nors^I }aod«a of itibratioot of 
beosoDO oan bo oXasaifiod into l i t a| typof 3i «2 ^^ P^ t 
tOf b$ tjrpo and 6, b^ tjrpo modes of vibrations OD4OV C^ V 
symisstfy* Bssidas tboso tbirty nortaal vibrations tbsro 
viU bs soas ioteroai vibratiaos duo to the suibstittaoot 
groiq> •COOQHaC^ .^ Sbs assigomoiita of tbo funOaffisntal 
froquoQci@8 bavo been prqposod on tbe basis of diopoiarisa* 
tioo ratios of dasao baoas* Asaiataooo bas aiso bsoQ tikltoo 
froa tbo sisiliar aoisoaiss. 
Sbs c*0 riog strotebiog froqusooios of beoseoo aro 
(2««ivo(t from tbe sodas oag (1596)| a^ ^ (1if^)» b2u (1310) 
and a|g <992) ai^ givo riss to six earboii stratobiog vibra-
timis ia bensaiia (6,7)• Modes sag (1596) a»d Sfu (lM5) 
art doubly ^gensratt* fbs doabiy degstisrats liodss split 
ap ioto ttfo eoi^^osiits under reduced syassetry* It bas bean 
found tbHt tbe ooapoosots of tbe dumbly degenerate aodes 
l ie io tbe frei^enor range betifoen 1^ 30 . I630 osT^CS). 
ID tbe present study tbe infrared vibrational bands at IV50, 
lV95t 1582 and 1600 esr'^  bave been identified as tbe four 
split oo^ponents of tbe doubly degenerate aodes e^ u (1W85) 
and •2g (1596) of bensene for bensyl beosoate. Ibe assign-
aent of infrared frequenoies 1^ 50» 1^ 95 and IteO oa*"* are 
fortber eonfirasd by laser Aa«ao frequencies 1^51*21, 1^ 92*00 
waA t601«kf6 o«*^* XbtM fr«qu«ool«t ar* poUriMd ia 
Batar«t Xho caloulated vaXtt«a of dtpolariaatioa ratios 
for thtso aaisas froquvnoUs ar« 0,53» 0*51 end 0.56 
f«sp«etlY«ly and lumotm tQ%%U9 syccaotrie, fte B&mm countar-
part for tiia iofrarad fraquanojr 1582 c»*1 oould Qot ba 
ideotlfiad in tba laaar aaaan aijaotra* Sba iofrarad fra* 
quanosy 1310 fm"^ \jbloi3 oorraspond to b2ii C1310) aioda of 
bafisdM ia aasigoad aa C*0 stratoiiifii fra%ttaQ »^ SMa 
fraquoQQjT i s vevf stroog io intensity, i^ olt^ rised aaisan 
fraqjuaney 1313«93 <»*'' obsarvad in tba laaar aa»Q apaotrua 
i s oorx^latad nitb tba inlt'ared frsquonoy 131O oa*''* tim 
dapolarissati<») ratio of tba ^tsan frequsnoy is 0*M» 
TtQ iofrarad f^ aqoeooy Gibsarvad at 1000 os"^ in tba 
prasant oc»i|>ouQd ia mseribad to C-C stratcbing vibration 
and oorraspood to aig (992) ssc^ a of beosena* Ibis fraquaoay 
i s aiso raferred as *ri»g braatbisg* Mng braatbing fraqiMnoy 
has baeo tiall atudiad by »any invastigators in diffarant 
anbstitutad bansanas (9-l8). Xba ring braatbing fraqiMooy 
in tba lasar &a«an spaetra of bansyl bansoata i s eonsidarad 
at 1CX)2«57 esT**. Xba dapolarisation ratio for tbis iianan 
fraquaney is ^•23 and banea provida an axoailant support 
to tba infrarsd asaignsd fraquanoy* 
Xba six C-B atratebing vibrations of banaaoa ara as 
fOllOtfSI« 
KJ «.J 
*1g (3^62), b^ tt O060), t2g (30^7) and c^ u (3080). 
TlMi last ti#o »odti ar« doubljr (te^entrat*. oloet 
booayi btnaoat* i s « aooo-subatitot^d b«iii«i»* M «xptet 
for flv« &«-B ati>«tobliig fraqueooles osd tbe raaalolfig 
fraquenojf wlU dtpand apon tba oats and oatura of tba 
sttbatitiiwst. Out of tbaaat oal9 four iof^arad fraqowioiaa 
3005» 3030ff 30&¥ and 3090 oa**^  bava baan aaaigsad to C<42 
atretobing irlbratlons* Infr-irad fraquascias 3005 aod 
306^ OS*' ara oojnpa3Latad wltb tbalr faapootlTa aoattarad 
oouQtax^aHa 3007^18 ^ d 3065*33 ov"^  <Aa«rvad in %im 
Xa8«r Oastan apeoti^ of tb« titlad oonpouod* Baman fraqttanoiaa 
ara totaX3jr ayoi^trlo as tboaa ara polarijsad witb d*polari«» 
sation ratios 0»6o and 0.53. fba oorraXatioo of tba infrarad 
fraquanoies 3030 and 309O ea*^ vas not posaibla uitb tba 
Baiian frequanoias in tba presoot invaatigatioo* 
Zbart ara two tjrpas of banding aodas in substitatad 
bansanas* Ona i s out-of-plans banding aoda lying ia tba 
ragion batwaao 750 • 1000 oa and tba ottiar i s in*plana 
banding noda lying in tba ragion batwaan 1J00 • 1300 ea*''* 
Sba aijc 0-H iB»pX»na banding vibrations ara Obtainad froa 
sag (13M))t 1»2ii (1152), aag (1178) and aia (1037) aodas 
of baoaana* For tba ooapound uoOar study t fi^s 0-fl in-
plana banding fraqusnoiss wiU ba dbMTfA in tba infrarad 
spaetri»* Ibfrarad fraquaneias balonging to tbasa aodas ara 
Qibs«7V04 at 1021* 1100, 1172, 1210 and 1260 ear'*. 
fi>«s« a l l fr«qu«ocl«s am ttrofig mnd vtxy ttrQUi in Intto* 
flity* Tb9 aisigQMDt of tb«M Infrartdi fr«qu«Qol«s ar« 
ooftfimfd ^7 tbo Bmpao fr«queiiol«t 1023.5$, 1106*73, 
1177*00, 1212.57 ind l270.Mf es*^ tibstrtcd io tti«- UMr 
Baiaao sptctfu. fbtlr depolarisatlon ratios 0*25, 0*^5, 
0*H>3, 0*t»8 and 0»58 for ttia ros^otiva aaaao fraquaoGiaa 
e3[3»laio tlieso fraauaoclaa to ba polarisad tn oatura and 
baoca totalljr aytsKatrlo* 
fba 0*^ out-of-pXane bacdiog 7il>ratloiia ariaa froa 
b2o (995)t «2a <975)f «ig (®»-9} and a2o *^^ 3> sodao of 
beozeaa* &@ axpaot fiva lofrorad freqiianolas for tbe 
C«>B oat»of»plasa baisdlogs. Eo»av@r, ttsesa freat^enclaa 
are tafeaa at 820, 8M}, 908 iiod 955 osT in tba infrarad 
spactrua* a^ m^o fraquanolaa for tbasa saodaa GX^ ideotlflad 
at 8»f6.63, 885*70 and 9*»6.63 o«*^ and ^ve^ tberafora, 
Gorralated idtb tba iofrar^id fraquanciaa 8M), 88o 4nd 
955 eai*^  reapaotlvaJjr. Bma.n fraquanciaa 8^6.63 ^d 
9^6.63 QiT^  ara dapol^irisad baling dapoXariaatioo ratios 
0*95 and 0*71 raaptotiYaljr* Tbaaa vibrationa ara aoti* 
ayanatria* Tba dapolarisatioo ratio for tba aaaan 
froquaney 3^»70 oaT^  ^bicb la corraJUtad ifitb tba iofrarad 
fraquanay 8iO ea*'* ia 0«32. Sbarafora tbia vibration ia 
ayaraatria &nd oan oot ba oonaidarad dua to C*>B out-of*plaoa 
banding vibration. d% bava t^an tbia Yibr^tioo «ia a 
l b . : 
IttadaMDtal •ibratioii. 2ii %to9 infrartd ttu4)^  of ibis 
eoa^ oaodl (5) tb9 ir9^mBe3r QdO 9m wa.» taHfn «• &-fl 
ont-of-pILaM btoaiog frc^utoer* Btttf oov i t Has I>MII 
nodifica In tti« Xigbt of Huaao fn^utooy and i t s d«pola-
risatloii ratio • SioiXar at^ignMiit baa baen aadt in 
1» FXooro 2tV filnit?ob«f}2£«Qa for &*0 OB*^  vibration (t9)* 
Tb9 oarbOD-oarbon ring d«f orssiion vibrdtiona ara 
dorivad from o^ g (606)» b ^ (703) and m^a ( ^ ) aodat 
of benaaoa* fbo Xast two sales giva rite to carbon out-of* 
plane deforiMtion vibration wbiie mode e ^ (606) give riae 
to oar^on in*p2ane deformation vibrations. 
fbo sode e2g (606) tibiob ia doUblj? degsoerate under 
tbe 8jFi83etf7 Gsw spXXta into two oom|)on@nt8« Howevert 
infrared freaueoeiee at 520 and 670 csT^ are oooside^d tbe 
tvo apUt coQ^onenta of oarbc»}«in*p3.atte iunf ortsdtion oeOe 
e2g (^ ^^ )» In tbe later Ea»tn tpeetra tbete frequenoiet are 
obaerved at 522*00 and 675•6& on'*''* Xbete are totalljF 
aywBetrie vibrationt at tbete are polarised Bassn frequeoeiesi 
fbe depoXarisation ratios for tbese Baaan fregueooies ere 
0*^ and 0*V2 vespeetiveljr* Earlier we eoosidered (5) the 
infrared frequencies 355 9jaA 595 ea* for 0*0 in-plane 
deforest ion vibrations for tbe saae ooa^ound. Zbis assign* 
asnt bas been atodified in view of aaaan frequeooies and 
tbeir depolarisation ratios. 
Tim apptr and lomr ooapoatntt of tb* doubly 
dtg«iMirat« eafboa out-ofopleasa d»foratttioo oodt •2a M^) 
ar« id«atlfl«d at ^iM afid ^5^ oaT'^  in tba Infrarad tpaotrua. 
Slliaaa lefsarad l^fHtfaaiaa ar« oorralatad vltli timXr 
aoattarad oouotorpaita at 308.00 ood ^59*00 owT^ raapaetlvaly• 
Xbt aaslgaiaat of tbesa fraquanoles ara qolta aatiafaototy 
Diilob fioda fartbar sapport froai tba dapoXariaatioo rdtioa 
ealoulatad f<^ tbesa aasao fraquaooiaa* Claarljrt ilaaao 
fraqt^Boiea asa antlayantria aa tbair dapolariaatlon ratloa 
ara 0*8^ and O*?^ raapactivaljF. via bava aaslgoad (5) tba 
lovar oosj^ o^nofit of tbla moia at 330 eiT^* Bouavar, wa bava 
modiHad tbla f^ aquaooy bjr taking Into aooouot tba Bsaum 
fraqueaoy wltb ita dapolarlaatloo ratio. Horaovar, iofrarad 
band observad at 70^ oar'' la aaaigoad aa out-or*pia&a 
eaibon ring daf «<Teatl(»i vibratioo aod oopraapood to b2g (705) 
iBoda of babaaoa* ^ could not obaanra tbia fraquaooy ici 
tba laaar HasaD apaotrua of tbia coi^ouod. 
qioiDiMft viBaAiiCM Of THK soBsngosMt 
49 bava aaaigoad a wtak atrong infrarad fraquanej 
at 258 eiT^ to C<-COOC%0^  out-er*plaoa baoding vibra-
tioe for bansyl baaioata. In tba htwr Haaan apaetnia 
tbit Tibration ia takan at ^1.57 oa*^. OapoUriaation 
ratio for tba liaaao fraquanar ia a«8^ « Ibarafora tbis 
fraquaoajr ia dapolarisad* In tba praaaot ioraatigation 
va bava oMSdifiad oar aaaignnent wbiob vaa taliao aarliar 
at 263 oa*^ (5) IQ fiMw of tiM Baaan 8p«etm« 
Xa tlia laatr Baaaa tjpaotra of h9sayl btnaoata a 
polarlsad Haaaa band la (Aiaarrad at 1717*65 oa*^ « 133ia 
taod la aofralatad iiitii tlia isfyitrvd fvmqumi^ at 1710 <m* 
in tbt iofrartd apaotnia of tire aaaa oso^ o^uBd* ye baTe 
aot glTen any epeoifio aesigoaeBt to tbia frequeocgr* 
ikil otfoar lofrared and laser aaioaii freqtaenoiaa 
tiave l»te» asalgoed aa ooaibiDatiooa and overtonee of Ainda* 
aental viDratiGQa. 
CorralatioQ of faoda^entaX vlliratiooal freqaeoolea 
ol>8erved ia the lofrared aod laser aaoiaD speotra la glYeo 
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of beosto* d«rlvaUv&t lo rto#Qt y«ar«. Hi* ftasui sp^etra 
of niothurl b«fi2oat« and •tItjrX lyeoaoate w9wm #arll«r studied 
bjr several invtstigators (l-d) and the taotativ* aaslgn-
aaots tot 9om of tba fra<iuanol«a ware propoaad by 
Haribaro <6) aod ai^olk <7)* 4 large ouster of etbjfl 
and astbjrl eaters bave been studied bjr Katrltsky et al«(9)* 
fbejf bave asaigned saost of tbe fuodoaieotal baoda* AloQg* 
wltb these ftiodaaieiital bafidSt bands arislog froa allQfl 
group bave also been studied. Cbattopadbyai^  (10) bas 
investigated tbe infrared spectra of oistbyl beoaoate along-
tfitb tbe states of polarisation of soos of tbe aaisan lines. 
Qe bas reoordad tbe infrared spectrua of laetbj^ l benaoate 
in tbe frequenojr range between 67^ • 2956 on* in tbe liquid 
pbaae* £»o» sose of tbe out-of•plane vibrations coald not 
be observed. Houevert a detailed analjfsis of tbe infrared 
absorption spectrua of aetbjrl benxoate does not seea to 
bave been aade t i l l now in tbe runge 250 - kOOO oiT^* 
Xberefore i t seeaed desirable to record tbe infrared 
spectrua of aetbyl bensoate in tbe range 250 * ^OOoca*^ . 
In tbe present work we bave presented a detailed studr 
of infrared absorption spectrua of aetbyl bensoate recorded 
in tbe liquid pbase* 
iMPHAHKn itVECTRDM Ol 
w9m^€W¥mm^imm' MWHh fiifS^<Ml 
B«1}*B. Co-is>ai|]r» iiUigloind aod vm ttitted to b« of 8p«otrot-
oopic gra<l*» fb« saa^ 3.« vsis used wltbout fttrtb«v &uri-
flGAtion. 
tii« if}frar@d spvotrua of tsatt^l b«020at« eontaiotd 
in a ot l l , bas b«eo reoord«d in tba liquid pbase in tb« 
regXfm 250 • M)Oii ea* on a jerkin Elsisr dotble b«affl 
grating infrarod speotropbototaet©?. Sbe iiqoid oell 
fitted witb CaBr ulcdovs V^Q used. Sbe tbieknesa of tbe 
liquid c&U vaa 0*02$ ms, Ooao tint was 32 oinutes and 
tbe fr@qu«{3«]^  accuracy i, 2 OES* at sero suppi^ssioo* fbe 
spectrum was caiibratod witb tbo b«lp of tbe sp«otrua of 
tbin f i la of polarstreot* Sb» deseriptiOQ of iofrartd 
8pc€tr^botOiMter i s givto in tbo Cbaptsr !• Sbs traos 
of tb9 infrarsd spsotra* of tBstbyi b«oaoat« i s givsn in 
tbs Fig. ZIZ(B).1« 
Zn tb« inf^^rsd absorption spsctruffl of astbjfi bsnsoats, 
&k bands baTS bssn Obssrrsd in tbs frequsnoy rsgion 250 * 
Woo e**^ * Difftrsnt typss of bands ars otosorYsd* Most of 
tbs bands ars strong and vssy strong in iotsnsity wbils tbs 
otbsrs ars tisak and broad. Tbs intsnsitiss of tbs otossrrsd 
j[ JL y^ 
Infrartd bands ar« Yliualljr ••tlsat«a ID UM aeal* 0 to 
10* Sbe Infr&jrcd fr«qu«Qoi««t inteositl** and ttmlr 
protoabl* aaalgnsent of tiM said doapouod i« pr«s«Dt«d in 
tbe tablA XIX(B>.1« 
asCTldi ^ 
Mttbyl beosoate Is a mooo^substituttd banssns, GD« 
bjrdrogen atom of bsosacs io 1- poaitioo i s r«pXaesd by 
-OOO^ B^  iQ Qttbyl benzoats. As an apjrosciBiatloa u» say 
assuiBs tbe group -OQOGBj to bs bava as a slngla sass point 
and lias in tbe plana of tbo ring* tban tba aoleculo mtbyl 
baosoata voald belong to tba point group C2v* b^a tbirty 
nort^l modas of vibrations of bt^ ozana ara elassifiad into 
l i t at ^yp«t 3t ^2 typai 10, b^  typa and 6, bg tjrpa aodas 
of vibrations undar 02^ sycmatry. Apart fro« tbasa tbirtjr 
norowl sodas of vibrations, tbara ulll ba soat aora funda-
atntal vibrations dua to tba iotamal vibrations of tba 
sttbstitaant group - OOQCH^. Sbe asaigniaant of fundasantaX 
frt^iatneias i s proposad on tba basis of ooaparlson wltb 
tb«sa of siisilar siolaeuXas* Assistanoa bas also baan 
taktn fros tba Eaman data raportad in tba Utaratura (10). 
Iba six 3*H stratcbing fraquancias ara darivad froa 
•lg (3062), biu (3060), a2g (3<M') and am (308O) aodas 
of banxana* 
j«7:»i»fWPFf'nrini' iillil>ilfii.BSIfSw>il3!i 







































l>l G-G00(a^ defortsatlGii o.p* 
bf C-0 <iefor.:iatloD o.p. 
ai C*C dftforaatlOQ i*p, 
A^  2 X 258 
a^ 0*C defOTKitioii l . p . 
t>2 or l»| C-C d«for!aatlao o.p* 
B, W • 258 
b^ C-a iModing o.p. 
^2 or to) 0-H b«ndlag o.p. 
b^ C«>H binding o.p. 
b^ C*B bonding o.p. 
b2 or b^ 0*^ binding o.p. 
«1 ring brtatblng 








































































0*H btodlng i *p . 
C-B b90dl8C i«P« 
0«H IwDdlQi l«p« 
820 • 335 
0*B b«0(UQg i«p. 
258 4> 932 
0*8 b9n(ling i«p* 
C*C 9tr9toblog 
1000 • 335 
1025 • 359 
1070 • 335 
h7$ -¥ 965 
C-C gtx^teblog 
359 • 1110 
1000 • h7$ 
C*C 9 t r 9 t ^ l Q f 
W • 1025 
h?5 • 1070 
1 C-C 9tr9tobiOf 
1 C-C 9tr9t9binf 
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1280 4> 335 
802 -•• 820 
2 JL820 
635 ^ 965 
820 • 8i»5 
1000 • 685 
1025 * 685 
802 • 932 
820 4. 932 
8>5 • 932 
820 • 965 
1000 • 820 
1110 • 820 
1000 • 965 
1000 * 1070 
1025 • 1070 
1070 • 1175 
1313 * 1000 
1025 • 1313 
2 X 1175 















































1110 • 1280 
1600 f 932 
1280 ^ 1313 
1600 • 1025 
1600 • 1175 
1280 * 1580 
1600 • 1260 
2 X 1^50 
11^ 90 • 1»^0 




1 ^ • 1600 
3090 • 335 
8ot«t TlMftl •stlaat«8 of tb« liit«G»iU«s baT» b«tD tak«Q 
in tb« goal* 0 to 10. 
l*p« • iii-pl«ii«t e*p> • out-ofopl«o«t • » •troQfy 
• • m yntrf atroof, bs « bro«d itronff «b « sbouM«rf 
•V » ••17 vtalLy V « VMkf b « broftd 
In mtbfl iMinxoatt w* ttsi^ot for flY« 0«B strttelilog 
frtqutnelea as tb« ooapoind i s aono->9ub«titut9d b9Qz«n«. 
the r«aalolng freqtu»ncy win d«p«ntl upon ttse anasi and naturs 
of tb« fabstitueot. Qot of ttiess four fr«quenci«« at 3OQ0t 
3CI33, 3063 aDd 3^0 ca"'' art assigfisd to C*B Btretobloi 
fr«qu»Daiet of at tjrpa* Poiarlsad Bamo fraqoanoy for 0-B 
atratching at 3^73 oa*^ in oietbyX bacusoata ia corralutad with 
iofrarad fraquaDoy 3O63 oaT *^ 
Tba cut-of'pXiiDa C-S baodiog vibrations ara obtaioad 
froiB b2u (995>t a2u <97?), a^ g (8V9) and a^ y (673) aodas of 
banzana and lia in tbe freqaancy ragicKi 750 - 1000 osT'^ * ID 
tba prasant study of taatbyl banaft^ ta* iofrarad b:;nds 802, 820f 
S^5t 932 and 9 ^ OST'^  &r9 attributad to C*H out of-plana 
banding vibrations* Xnfrorad fraqaaiKtiaa asaignad in tba 
presant invaatigmtion for C«>H in plana banding modea cura 
oorralatad tiith Basian fraqoanolaa 808, 8269 850» 9^2 and 
969 ear^ raapaetivaly. 
Xba in-piana C-H banding vibrationa ara darivad fro« 
*2g (13M))« bju (1l52)f a^ g (1178) and Siu (IO37) nodas of 
banaaoa* Sinca tba eon o^uod undar atudy ia aaiio»aabatitutad 
battsana» so fiva C*a in«plana banding fraquaooiaa wiXi ba 
Obsarvad in tba infrarad apaotruM. Bowavar, infrarad bands 
10259 IO7O9 1110, 1175 itfld 1280 on'*'! bava baan takan as 
C«>B in-plana banding vibrationa. aaiun fraqaaocias 1028t 
l l u 
106l^ « 1111» tl6o and 1277 e«*^ prorid* proper support 
for tl»i obovo Infrarvd aasifnaont for &»B io-plano twodlng 
vlbratloDt* 
Tbo ln«plni)« ring dtforaatlon vltiratlODS ar« obtalotd 
ftOB 021 (<^) <sod6 wbereai out-of-pXaHo ring aofornatlon 
flbratioQt &3f9 obt lined fron b ^ (703) and ftsti ^ 0^5) isod«s 
Of b«iiz9»e. Modea •2g ^^ ^^ ^ °^<^  2^ti ^ ^ ) ^^ doubljr 
degeotr^td ac^ tacb of then splits into tvo o<HBpooeDts 
aod@r raduced syKsetry C^^ . 
!%• in-ploDS ring def orcsation vibrations are assigned 
at ^7$ tmA 672 caT^ in the infrared epeotrum of mthyX 
ben^oate. 
Tb9 Ciitoof-piane rit^ defona^tion vibraticss are taken 
<^ t 335, 359 oiT^ aud 685 CB"^* Xbe first two mgoitude 
oorres«;QQd to t)ie two split co^onents of e2a(^05) aole and 
tbe last one correspond to tbe b2g (703) aode of benaene* 
^tt infrared fr«(iueney ^9 o»*^ wbiob is tbe upper oosponent 
of e2u 0*0$) «od« i s oorreiiftted witb tbe iiaasn frequenoy 
360 ewT^m It was not possible to correlate tbe infrared 
frequeneies 335 e«*^ ^^ 6^ 5 car^ witb asauuQ frequencies. 
^lao siKtgfaHiKQ faguimnGma 
The 8*0 ring stretobing frequencies of benzene are 
deriTed fro« tbe nodes e^g (1596), e^Q (1^85), b2ii (1310) 
l i 
and atg C992) of l}tQ2«Q« and glv« rlM to six C*C 
«tr«te&io« vlbrnUoot (11f12)* Moa«s tgi (^596) a<3d t^y (1U85) 
ar« doubJjr d9gtt»rat«. fi)» aoubljr degAosriitt mod«a tplit 
liste tve eo^eoetitt oatSeir redoova ^ a^^ ittrj^ * Xt hu9 bMO 
found th^t ttm compotmnta of tbt doubi^  d®gonerat« oiodM 
! ! • in tbe fxnqueiKty rangt 1)»3Q • I630 oir'' (13). In tb« 
pressot study tim C-3 rlog 8tr«tcbing Yibratlont oorrespood-
iRg to tbd d^b2y dogenoratt moddn « ^ <159^ > and •'}^ (1^5) 
ur@ assigned at lU>50t 1^ -90, t^So and 1^0 Q^tT^, Xbe lUialgD* 
tmnt of tbase iofrarod ftequeooles Is furtbiir sQi^ i^ ortttd by 
tii3 aasan rr j^quduuies t^ fSSy 1^ ?5t 1^ 91 aod 1603 ea"^ msslgiwd 
fur tbe Q-dm9 aodes. Ibo iofrured buod located ut 1313 oa*'* 
is ta^ea as C*C utrdtoiileg vibration ^ id i oorreapoods to 
^ai ('131 )^ ^^& ^^  beo^doa* ?oiiiri£dd Harmo fr^ qt^ Qoy 
1311 oa"^ (Served io tb@ Bai^ iaD speotrua of si^tbyi bdoaoato 
its correiated witb tbe im>mr«(d fmqusi.^ 1313 o^ "'' for tb« 
Corr«8^oadi{)i to a^ g (992) mod« of boozoM* tbe G-C 
ring strttebing fr«qutiiey i s identified mt 1000 ea*^. fbis 
frsqusnoy i s aiso oaiXsd as ring brsatbing'frsqasooy. ICUig 
brsatbing frsqusney is totally syisastric ood bsoes i t i s 
eorrsi^itsd iiitb tbs polarixsd Aanian frsqusnoy 1003 oar'I* 
Hagnitudss of ring brsatbiog vibration observed in otbsr 
sttbstitutsd bSDXttCMis ufs given in tbe table X»3*of 
Chapter X* 
1 i v> 
Tbt t«iitatiT« attifoatDt for gabstitutot btnding 
vibratloQ i s also aadit la tba pramnt atady of Mtl^i 
bansoata. tiM Infirarad band 258 oaT^  baa ba«Q atalgnad 
to G*COOOHj out-of•plana banding vibration* Sbia fraqiitnear 
could not ba oorralated vitb ita seattarad oountarpart* 
All othar infrarad banda ara aaiignad in taroa of 
ooffibinatlon and ovartona vibrationa of fundaoMntal 
•ibrationa* 
Oorralation of fundaaiantal fraquanciaa of infrarad 
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1 > Z 
ffiflfSli "JBt 
mofim A 
iii?ii4mi> smoTSft or o>iexBfi. mxuMf m-mTaxt 
miuM^ ii»i^tfixi» mium mo ox-mzixL ^ z u m 
oxBoosszcai mo ASAisais or ss^mMD BmsTBk or o-
I&THrL A!iXLISK» a-I^IHXI* AHZUM. li-l@fari» /JlXUm 
IMX&WWtSUL 
SiT«ral att«apt« bmf hmn a^9 to ttv4s tlM vorloiit 
tjrpM of spootm of anlXiiio tM i t s •atottltoont** Svaiit (1) 
and Flott (2) bavo r«port«4 tbo lofrarod absorption apoe-
trm of anlliDo wbilo Stoaraa at al* O) bava focaotlj 
atudlad tba vibratlonaX spaetra of obloriaatad (aatbji*afiiUiita 
aott prasantad a ooif^lata vibrational anal^aia idaotll^iai 
tba fi]iida«aivtaXa and tbair aiodaa of vibratioDt* Sba infra* 
rod abaorptioo apactrua of toiaana baa baao raportad bjr 
Htaar at al* (h) and ?«ae at aX« (5)« Kxtaoaiva infrarad 
atodiaa QD ebloriaa aabatitatad toXuaxia bava baao oada bx 
aiDi^ at a l . (6), KatritslEy at al* (7)» Slogb at al« (8)» 
Varaa at ai» C9)f Biaobl (10), Moonajr (11}» Slogb at al.(12). 
fbakur at al« (13) aod 4!B^nl o^ma at al* (t^)* aiallar 
atodiaa oo tba tbraa laoatrlo attburl-aollloaa bava baao 
«ada hy SurmiM at al* (15)* airaolk at al* <15> iiava 
atudlad aolvaat affaeta oo tba infrarad aad Baaan apaetra 
of mtl^ylaDlllnaa* fbar obsanrtd tba obanga in aa<Qitudaa 
of X*B atrateblag and V-H la^ pXaQa daforaation fraquaoolaa 
la a», •••itIqranlUnaat p«aalnoaoatc^banooa la aoliitlooa 
af pyridloat dlamaa and oarboa tatraablarlda* Tba ultra* 
•lolat abamvtlon apaetra of tbla eoapoond aod otbar 
amUoa darlvatlfaa bava baao atudlad bjr aasLogtoo (16) 
la tba U^ald pbaaa. Its ultraviolat abaorptloa apaatrua 
bat alao lM«n rtoordtd la tb« toXutloo of iio-ootant «D4 
v«Ur b/ TisabUr ot «!• (17}• Fr«7««iin nt «X« (18«19) 
•todltd tb« lolYar«<l tptotrua io tit i«floa 0*8 • 1»2/^* 
aaom tp«etrm of »- «iidl fli*attb)rI«iilliiitsb«T« btts rtportoA 
bjr Bays at aX» (20>* Bisva* at aXm <2t} rteorOad tb« 
abaorptloo tptotrm of tbroo Itowrlo twtbylanillnot In 
fapoar* liquid «nd solid pbntot and atadiod tbo obaogaa 
la tba abaorption wltb ebanga of pbaaa of tba aobatanoaa* 
Saav ttXtraviolat abtorption apaotra of o» and a-aatbylenilinaa 
in tba vapoor pb&aa baira baan raportad bjr Varoa (22). Ha 
baa aaal^sad tba axoitad atata Yibrationa obaanrad in tba 
oXtraviolet abaorption apaotra witb tba baXp of ground 
atata vibrationa obtained in infrarad and Baaan apaotra 
of tba aasa ooaq^ unda* b^a aXaotronio apaotra of M-oetbsrX* 
aniXina and S^tbjrXaniXina bava baan atudiad by aavaraX 
vorkara (2>>26)« fba Baaan fraquanoiaa of X-aatbylaniXina 
and di«aatbFXaniXina bava baan raportad b/ £abo-rao at aX.(27)« 
Slnoa «ttob raaaina to ba dooa on tba Infrarad TibratiooaX 
apaotra of o-aatbyXaniXinay a-aatbylanXlina^ S-attbylaniXina 
and di^MtbyXaailinat tba preaaat invaatigatioa baa baaa 
OBdartakaa to giva tba aeapXtta TibrationaX aaaigaaant of 
tba fraquanaiaa of tbaaa aoXaeuXaa wbieb voiiXd ba baXpfuX 
in tba aaaljraia of aXaetrenio apaotra of tbaaa aoXaouXaa. 
Iba raaulta of tba atudy ea infrarad apaotra of »-attbyXaniUnay 
».Bitb3rXiiaiUna» l-aetbyXanilina and di^attbyXaniUna aXaag-
witb tba oorralation of tba Baaan and aatoitad atata 
pMtanUd in tlilt ifnr«stiiatioii« CorrtXfttloo of fiamn and 
lafraf«4 f!r#qutiioits of S-attHjrlaolUiM ana di-wttagrlanlUii* 
i s also pfeaesttd i» tlila uofli* 
•.G:ms^:m^w:mmsm^mmrciumnwi^. 
ttm aamplas of o-aatt^Ianilina, »-£i9tl^IaaillDa« B* 
taatbiPl&silliia and di^aettqrXafiilios usad ia ttw praaaot iovaa* 
tigation vara proeorad frooi tUa B«0*H 0o*t ^glaod and wara 
asad aa aaeb* 
fba iofrarad apaotva of o-nstliriaoiiinst a-wtt^Ianllioat 
S^oGtl^laoillna and di-wttiyiaoiiina bava liaan raoorcSad on a 
^'a^in ^Imt do«ibla ^aaa gratinf infTaurad apaetre^botoaatar 
(nadaX 521) in tlit li<|Qid phaaa in tba fraqaanqy rafioo 
250 • M)00 GiT^ * fba Uqsid oaU of CaBr of tbioknaaa 
0.025 Mi WM nMd in tba pmaant invaatigation. Bean 
tiaa was 32 alnutaa and fraquaney a«otira«f t, 2 oarl nt 
saro attppraaaioB. Tiia inatruaant tma aalitoratad vitb tba 
faaXp of tiia apaotraa of a tbin abaat of poljatyrana* fba 
infrarod traeaa of liquid o-attbjrlanilioat a-Mtfoylanilioat 
g*«ttbylaailina and di-wtb/lanilina ava abown im tba 
figa* XV.1 • h rarpaotively* 








Fig . IV,2 Infrared Absorption Spectrum of Liquid 
m-Methylaniline, 
. wwutiwtH 0<re»oi»> 
(HWtHUMU ( C M ' ' ) 
Fig . IV.1 Infrared Absorption Spectrum of Liquid 
o-Methylaniline. 
•AVtllMTH ( H C M i n ) 
»««•') soo tso 
Fig, IV,4 Inftared Absorption Spectrum of Liquid 
Di-Methylaniline. 
l<:u 
Ut liav* t^wmd 9a» 90* 72 mud 82 Infrared abaorpUoo 
bmida ID tlit Infrared cpvotra of o»aet)vUiilJU.cat n-attivl^ 
aDllia«» 8*attkiyXaiilUii* and di*attturJUmiUi)« rtsp«etiv«2y 
in tbe fratumojr ranga liattfatQ 250 • hOOQ oa*^. Moat of 
tba Daoda aro atroDf and •ary atroog in Intanalty and tbojr 
ara oooalderad aa fUndaaanlta vibratlooa* &oia waak bands 
aod ahottXdara ara aiao <^ sarYad* fb» Intanritiaa of ttia 
fAt99rwd isfrarad baoda bava baan victtaUjr aatloatad in tba 
aeala 6 to 10* Tba fraquaneiaa in wava otiaibarat intaoaitiaa 
and tba propoaad aaaignaaota of tba Ob^rvad banda in o» 
oatbrlanilifiat a»aetb3rlaf^iina« 8-BMitbylaniUQa and di* 
aotbjrianiiiaa ara givan in tba fabla Z7»1-^ raai^aotiTaly* 
mctim ^ 
ifiicli AMD mxViEm eg nnraAHSQ ai 
4i*4f'TifWifmKisrmviw^m-^-miim^ 
fba aolaooXaa o-aatbiyianiiioa and a-aetli|rianiliaa ara 
disubstltatad bantsanaa* In o»»itbjriaailioat tvo bydrogan 
atom of banaana in 1* and 2» poaitiooa ara rapJUoad br 
•8B2 and -OB3 grcH a^ raapaotlvaijr wbila tor s-MBtbylanilioat 
tbaaa ara rapiaead bjr -HBs and •GS^ groupa in 1* and J* 
poaitiooa of banaana. M-aatbyianiiiaa and diatnatbyianiiina 
ara aiono«>aab8titutad banaanaa. Hara ona brdrogan atoa of 
bansana in tba poaitien 1 ia rapXaoad bjr - SB ((^3) and 
->S (083)2 <'°^* raapaativaljf for V-aatbylaniUna and 
l ^ V 






























a" C-CBj beodlng o*p< 
a* C-KB2 iMiodlQg l.p* 
a** C-0 nng di6f oroatiCKi 
o«p« 
a** G*C Ting deformation 
o*p* 
a' C-C ring defortaatlon 
l»p« 
a* C-C ring daform^tioo 
i . p . 
a** 1132 wagging 
a" C-0 ring defcr-iation 
o*p* 
Iriu k.v 













































a* C-CHj stratcbing 
a** C-H bending o.p* 
a" C-B beodiag o.p. 
a* C'^ l banding o«p. 
a* C->C ring braatblng 
a" MB.2 ttflatlng 
a* C-H banding l*p* 
A» 2 X 5 ^ 
A> C-B bending l*p* 
a* C-H banding i*p« 
a* 0-B bending i.p« 
a* C-C ring stratcbing 
a* C-B sjra^atrio bending 
in CH3 group 
a* C-C ring atratening 
a* C-C ring atretcblng 
a" C-B asyoaiatrio banding 
in CB3 group 
A» 920 • $80 
a* C-C ring atratobing 









































I f V 
I f i * 
I f V 
I f w 
I f V 
1 f » 
IfW 
A» 11M) • 375 
A • 710 • 8>#0 
a* 0-G ring stretobiog 
a* IS-fi beoding i»p« 
A» 1270 • 355 
A« 710 • 920 
A" 1375 • 362 
A" 509* <• 8*>0 
a* SB2 80l8Soriog 
A* 520 • 11»iO 
A* 7**5 • 920 
A*» 1300 • 375 
A* 2 X 8M) 
A" 710 • 980 
A** 262 ••• 1M»0 
A« 580 • UkO 
A" 980 • 7»*5 
A*» 1>f65 • 262 
A" 1»>65 • 262 












































A« 375 • 1375 
&» 1060 + 710 
A« 2 X 920 
A« I IM) • 710 
A" 1300 • 580 
A" 11M) • 7»^ 
A« 11*^ 5* •*• 7^5 
A" 1060 • 980 
A" 2 X 1060 
A» 8»K) • 1375 
A" 1060 • 1270 
A« IIMO • 1270 
A» IMK) • 1030 
A« 1270 • 1300 
A» 1300 • 1310 
A» 2 X 1310 
A» 1310 • 1375 
A* 1M*0 • 1300 
d c-B ajrmsMtrlo atra-
teblDf in CH3 group 
A* 2 X IMK) 
«•* C«fi aajrmatrio atra-
tobing in CH3 group 
A» 2 X 1»»65 
a** C-H aayoaatrio atra-
tOblog la CB3 group 








3 ^ ^ 
6 , i 
1^ 






a* C-B ctratebinc 
a' C-B strtteblDf 
a* C-B stretoblog 
A* 2 X 1580 
A' 1580 • 1650 
a* @-H ayffiDatrie stretcblng 
a** S-B aayimaetrlo 
atratoblQg 
Sotei Visual astimates of intentitlas Dave baeo tokan io 
tba seaXa 0 to 10* 
i.p* a Is^pXana, o*p* a out^f*pIana, a » strong, 
TS » vary atrc«g, bs » broad strcnigt sb » ab<KiJUiar» 
If « iws^, wa « %iaak atroogt wb « iraak broads 
* frequaoolaa takaii froa dacao apaotrua (20 )• 
P^m " I?T2 
la . . 
mmmMmmM 





































a« C-CBj bendlDg o.p* 
a* C-QH2 b«ndlng i . p . 
a" C-C ring daforisatlOD o.p. 
a" C-K3 ring dtfonsiitloQ o«p* 
a' C*C rlog dafomiatlon l«p» 
a' C-C rlQg dafoTB t^ion l*p* 
a** 8Ha wagging 
A* 290 • MO 
a" C-C ring daforaatlon o*p« 
tabU If .2 ooDtd... 















































8* C-CHj 8 t r 8 t o b i o f 
a« C-a btoftlog o«p* 
a" 0«>B banding o»p« 
a** G-B bending o.p* 
a" C-B banding o.p. 
a* C«G ring braatblng 
a* OH3 rooking 
a' U»B bonding l . p . 
a** H-E banding o«p* 
a** ^ 2 tvlstlng 
A* 2 JC 550 
A* 705 • *H0 
a* C*H banding l«p« 
a* 0-B banding l«p« 
a' 0-B banding l*p* 
a* G-C ring atrateblng 
a* G-fi atrateblng 
a* G*B aynuBttrlo daforoa-
tlon lo CB3 group 
A* 2 X 705 
A» 550 • 865 
A** G-B aajranatrlo daf orna< 















































I t v 
2tV 
a* C-C ring strotoblng 
a" C-B a«yaRB«trio atnt-
daformatlos lo CHi 
group 
a* C-C ring strfttcblDji 
A* 550 • 955 
a* C-C ring stretobing 
A* 1170 • 355 
A» 535 • 990 
A« 550 • 990 
ik» 5**3* • 1020 
A« 550 • 1020 
a* C*C ring stratoblng 
a* li*fi banding l«p. 
A« 705 • 920 
A" 776* • 850 
a* fiB2 aciaiiorliag 
A» *^ 35 • 1210 
A« 953* • 705 
A«» 1295 • 375 
A* 290 • 770 






































&• 535 • 1170 
A» 850 • 865 
A» 2 X 865 
A« 705 • 1030 
A« 355 • 1**65 
A* 1290 • 535 
A» 990 • 920 
A" 995* • 9») 
A» 1030 • 920 
A» 1020 • 1075 
A» 2 X 1170 
A* 1020 • 1MK> 
A« 1295* • 1210 
A" 1170 • 1372 
A* 1290 • 1310 
A» 2 X 1372 






log lo Qa3 group 
«•* C-B aayaattrlo atr«t» 
cbing In CH3 group 
A* 1310 • 1635 
A** C-H asywattrlc atr«t-
oblog lo GH3 group 









II* C*H atftehing 
%* C*B strntobliig 
A» 2 X 1612* 
a* H-B afmmtvXo atrttobioi 
a** «^B as^tansotrio strotobloi 
Iot«t 9istiai @8tt{aat«9 of IntsQsltiea liaYa b9«Q t i^ksn 
in tba SQala 0 to 10* 
l«p» • in*pXac«» o«p. a out»of*plan«t • » 8trong» 
V8 a imr^ strong, ab « ahouMar, ba •> broaiS atroog, 
w s tis:^, wa B ytoJc atrcoig, 
























2 t 0 































b, O-HH (OH3) teadlDg o.p. 
C-G ring ddfoi^ aatlCHa o«p« 
0*0 ring de format loo o .p . 
C*C ring detorr&xtXoa l*p. 
0-C ring defc»>Giatl<» i . p . 
htO • 250 
C-C ring deforoiatlGD o.p. 
0-H bending o .p. 
C ^ bending o.p. 
375 • M O 
C>H bending o.p. 
G-H bending o.p. 
G-C ring breathing 
T&WM If43 eoatcl******* l6 \j 
1020 
1060 
t ^ © 
112D 
1150 
































I f f W 
10t1>8 
a^ a*H b«&diiig l«p» 
t i | M*B tjenaiRg o«p« 
Ai 615 # 500 
at C-S btodlog i*p. 
a^ 0*B b@8diog i«p. 
a | C*B ring stretcblQg 
a | C-B atretcbiog 
at €»»B <ijra!»tric baodilog 
in OIj group 
^1 a E 690 
a| 0*C r i sg stf^tcbiQg 
h* C»H a8irs i»tr le beiKSing 
i n OS3 group 
a^ C»C r iog stfetotxLog 
Bt 810 ^  690 
Af 2 X 755 
Bt 1260 -¥ 252 
a | 0*0 riog atrtttobiiig 
Bi 7»^ 5 • 810 
ai C*C ring atrotebing 




































^ b s 
1fV« 








B, 7*^ 5 • 865 
%i U»B beii«li@g l*p« 
A^  1150 • 500 
B^  1260 •*• Mo 
Ai 500 1- 1180 
&I ^ • 1 0 ^ 
B^  1070 • 690 
Bi 1070 • 7*^ 5 
B^  1180 4. 7*^ 5 
Ai 1020 •*- 988 
At 2 X 1020 
A^ 2 X 1150 
A| 1080 4> 1320 
At 1260 * 1320 
a^ Q-fi ayan^atrlo atr«t< 
Bt 1^20 • 1»fr50 
At 1600 •*> 1316 
b.. C«B asynaatrle atiV' 
tcblng lo CH3 groap 













A^  2 X 1l»70 
telsiog in (^ j group 
Bt 3930 * 2$2 
4i 2 £ 1600 
Bt 3 0 ^ • J?^ 
ifi tbe seala 0 to tO» 
i«p» « lB*pX'j{]«i Oi^ p. « oat<»of•place« 3 » s t r ^ g t 
vs « v@r3p stroQgi ^ e sl^oi2l4©rt ^ «> wall bi^aat 
w • M«3ky b » teroaat l^ s » tii*oaS ®t!:><mg» 
UMVIf " If f¥ 14 
m^'Hrnif y. m^^m^-im^m' 






































2 , t 
b | 0*Si(Ce|}2 ^o^^QS O.p* 
bf 0-C ring d«fomatioa o*p« 
«^ C-C rlof dtfuritatlofi X*p» 
at C-C ring dtfoniatiofi ! •»• 




































































1 C-C ring d«foroatloQ o«p* 
1 C*B bending o*p» 
1 2 Jt 395 
1 C*>H beadiog o*p« 
1 685 • 305* 
. C-B bonding o*p« 
1 C-C sing br«atblng 
1 2 X 510 
1 C-B bending i»P« 
1 C-B bonding i«p . 
1 510 • 610 
1 C-B bending i . p . 
1 C«B bending i*p« 
1 C-B bending l«p . 
1 510 • 7h$ 
1 C-C ring etretcbing 
. O-M etretcbing 
1 2 X 685 
1 C-H eyametric bending 
in CB3 group 
l 4 o 
V9 * ¥ • • » QOOt 





























































9W0 •*- ^60 
C-C ring atretcbing 
C-H aaymEwtrio baiKUiig 
i n CBj group 
1190 • 283 
C-H asyomatrlc baodiog 
io CHj group 
CK; r ing strotcbisg 
C«Q ring atretcblDg 
1055 • ^60 
k62 * 1055 
1220 • 305* 
1226* • 305* 
1055 • 510 
1189* • 395 
C-C ring atratobing 
7h5 * 860 
1220 • 395 
1160 • h60 























































1 4 : 
990 • 685 
1220 • 510 
1055 • 685 
7»f5 • 1030 
360 * 9 ^ 
1220 • 685 
2 X 1030 
1500 • 7*»5 
1M»0 f 1160 
1600 • 1190 
1390 'I' 1W55 
tJ*H @ {^inietric at ret obi og 
in CH^  groiap 
C*B aajraoetrio atre* 
tcblQg In GH^  S^cup 
C-H oayssietrlo stra* 




3025 * 395 
Sotai Visual astlnatea of intensitiea bava baan t«ikan 
in tba 80aXa 0 to 10* 
i*p« • in-plaoa, o.p, m out-of-plana, a • strong, 
•a « vary atrong, wa • waJc atruog, i« • vaak, ab « sbouldar 
ba « broad atrong, • fraviuaociaa toican fro« Haaao 
apaotrua {37)• 
<li<»tiitlqrl«nlUii«. If taob of tlM groups •XB2t •(^jt ^ ^ 
•mim^) AM •V(083)2 i t rtgard^d «• sioglt M M point 
and li«» in tii* pUot of tbo aoJkteuUy l^« «ol*<}ui«f 
o-ttttlo^laalUa* and ••sttbyianiUii* vnr btlcog to Ct point 
troop and aioloeulot E»«otliyl«Bllltio and dl-MtftjrianiUiMi 
to Cav point sroi9, 
Undar tho aaam^otlao tbat tD« tioJL«oul«t o^atttijrXaalUna 
md m»mttiylmAU,o9 ttdloof to c^ afsemt:^ tiavlng tlia solteiilar 
plana aa tht onljf al^stnt of s^natiyt tHailimjr ddrual 
ffiodas of Tlbratlooa &an lia dlvldad into 21 planar (a*) and 
9 Q<m*plattar (a**) apeolaa. a' apeolfts ara totalljp «yniBatrle 
and ifl^ a rlsa to polarlsad Haa»n HR^B i^lla a<* spaolaa ara 
an8ir»!89trlo and giva xlaa to dapolarlsad Baatan Uota* Hia 
addition to tliase thirty rif^ g vlbratlona ttwre iioald ba 
fifteen sore vibrations doa to tt)a aobatltuant groups •liH2 
and "'QBy f$}®sa Titrations oon not bs elasslflad as to 
tbalr sjroiMitr? ukth raspaet to tba i&olaoular plana as tba 
substituants «aies tba aolaouls noD-plaoar but a l l tba vlbra* 
tloos ara ttlXonad in both tba Inf^arad and Ba»an spaotra. 
{Jtodar 02^ point gfwmtn^ aU tba tblrty noraal sodas 
of vibrations oan ba dlvldad into tif a^  typat h ^a ^^P^^ '^^9 
b<| typa and 6» b2 tjfp« sodas of vibrations* Apart fros tblrtj 
nonwl sodas of vibrations of l^naans fingt tbara ^ould ba 
1^ 2. aora vibrations in M*stttbjrlanllina dua to tba substi-
tasBt -XH(Cli3) and twantjr-ona vibrations in di*sttbjrlanilias 
J 
6m to tb« tu^stUiitot -i(083}2« tim am»X§nmmt or tii« 
I^ii4a««ntal frcqiitneitt &«•• b«tn propoitd on tb« batls 
of BRMB frtquonaloa of tiw aaao ooMpounda a^allabio In 
til* Ut«ratitr« (20, 27) AtOL m t&t oom»ari«<» wltb tboat 
of •iffillar poioottlot* 
fbo 0««H strototiifif frtguoooioA aro <ie7lY«d firoa 
ftig (3062), ottt (3080), bta (3060) and o^ g <3^7> ®<^ «« 
of boniftiui and otettrYod io tb« froquoooF ftglon botvoos 
3000 • 3100 es"^. Hod«t o^ y (3^0) aod oag (30^7) ar« 
doubljr dogeoors^to. aioeot o«*»ti)yliiOiliQ& and »»<aetl>fi» 
aoiUoe are dl^stibstitoted bossetwa, wa aaEi»90t for four 
0«S strotoblQf fvaquosoios io oaoti of tba oo^^ouods. ftio 
roiiainltig fpoqueadaa v l i l dapoad apon tba oasa of tha 
atabatituasta aa naU ma omtura of tbe wibatitaaota* Xb tba 
o»aatb]rliinlllf)a« tbraa 0*E atretobing fraquaociaa ara 
«aalgB«d at 3020, 3050 and 3065 oii*^ io tba isfmrad 
a9a«tnati« Kona of tbaaa fraquanoiaa la eorralmtad ultb 
tba aanan fya(paaay« In tba Infrarad apaetroa of »*Mtbyl* 
aiilUiia, ODU two fraqaaaolaa 3010 and 303O eaT^ b«Ta baas 
obaarvad In tba rag lob 3000 • 3100 eiT^ aad ttmntw, bava 
baas aaaSgaad aa 0*B atratebing Yibratlona* fraquanoy 3010 
ia a abouldar and eorraiatad vltb tba aaaao fraquaaojr 
3011 OB*^ . 
14/ 
Itol«eiil«« K-wtb/lmniUii* md di-wtfaiyliiiiillM «M 
aioBt»»ittbstltot«d tMiBMMs Attd tismwiof flT* 0-B ttMtob* 
lag inmmu9f» i«lXX bt oiiaeirvvd in MOII of tli« «oU«tai«. 
It ««• Dot possiblt te a«slgo flv« C«S atrvteblAg fr«qti«iielt« 
lo ill* iatr&fd »p99tTim of K-sMti^Uslllo*. Howevtrt «• 
baY« idNintlfioiS tb« tbr«« frtqusBoivs 30a0» 3090 aii4 
3080 «B*^  for C»B tftfttobiog vlbratlofit« Itafrar*d froqponejr 
3050 ! • corroUtod id>tb tb« Bamo frt«o«D«9r 30^2 ewT^ for 
tbo aaao »odt a»d for tbo samo aolaoiO^* lb tb« oato of 
dlofMti^XaoiXloo ai80« V9 bava obsarvod Qii3jr tbroo C-fi 
atpotoblng froquonoits la tbe infrarod spootrua at 3Ol0f 
3000 afid 3990 oi^* £>oiit of tbaso froqtioDolos bavo boon 
oorrolatod wltb tboir roapootlTo liaaao fro^aoooioi. 
1^ 0 alx eaTboB-oarboB strotoblas vibratlooc in 
benaoBo ar« c^taiBod fro* tbo aodoa 9^^ (I590)f o^ u Cl^ 5}ff 
b2ti (1310} aad atg (992) of baBaoat. Modaa •2i ^1596} aad 
•lg (IN^S) ara doBbJUr dagaaarata wbaraaa b2ii (1310) aad 
atg (992) BOBodacaoarata. Saeb of tba d0Bb3jp dagabarata 
Mdaa aplita into tut oeopaaaota uBdar radaoad iar««atrr 
aad tbair foar apUt ooapoaaata appaar 1B tba fraqtaaBoar 
raaga 1^ 30 • I630 ««*'* (28) • Xn tba lafrarad apaatnia of 
o-'ttatbjIaaiUBat tbasa fotff eoapoBaata bava baaa idaatiaad 
at 1MK>, 1»>65t 1510 a«d 1580 c«*^# iBfrarad fraquaaaiaa 
1M1O and I5d0 w"^ bava baae oorralatad vltb tba aaaaa 
14 <j 
rmqatneltt 1*^ 36 aod 1582 o**^ * JnttwX9^ fr«qu«noy 
1580 «ai*^  i« alto aorMlatvd wltli tli« •xeltca stst* 
flr«qti«nor lMi>l oa*^. XnfraMd flrtquoooUi 1l»65t 1^0, 
•1 1510 «Bd 16QO oa nxm a«sl«D«4 t^ M C»6 «tr«toliii« f n * 
<|i>«iioi«t for «»Mttiylaoiliii« itiiieto oorropoiKt to tbt two 
dou1»ljr d«goiiorato sod««« Xafrarod Aroquaoey 1600 e«*^ 
bat boon oorrolatad vitb tbo liamao fraqtianoy 1585 o*" *^ 
Otbtr loAparod fraquafioioa ootild oot bo oorroXatod wltb 
tboir BaittB ooantoar^aito* 
Im i^ smtbylaBlUnOy tb« lufrarod G*»C atrotobinf 
f^quaoolaa ara eoasidarad at 1^20t iH/Ot 1520 and l6oo wt^ 
for tbo said two doubly dagotwrata aotH»a# Uit of tbaaa four 
infrared fraqtiaooiaat ml^ ttio fraqoati^aa 1^ 20 and 1600 oiT'* 
are eorralatad witb tba nasan fraquacoiaa 1t>2^  and 1600 oa* • 
SiaUarly, lofTarad fraquaoalas iMiOt l ^ t 1510 and 1600 oa*^ 
are oonsldarad tba oarb^ aB-oarban atratdiing fraqaaaolas for 
tho 34110 aodaa io di-aatbyXaolIloo* Xn tbia aoxooulot only 
OBo infrared froqaeooy 1600 oa*^ baa bean eorraiatad tiitb 
tba Haaao ttm^^^mif 1599 oa*^. 
7ba 0-c •tretehlag froquoaoy oorroapoudiog to a^ g (992) 
aoda of benaoao wbiob ia aieo aaaad at 'riog broatbiog' fro-
qtiofioy i i idantifiad at 1030 oa"^  ia tba infrared apaetrua 
of o*aetbyianiiioe. fbia frequaaey ie oorrolatod witb tba 
HaoMi frtqaaney at 1029 o«*^ aad axeited at ate frequeaoy 
979 ea*^ Obaerved io tbe uUravioiet abaorptioa epaotrua of 
tbt toM compound* laframA frs^utoajr 990 ear'^ is 
t«lc«B at til* ling brtiritliifii tT9q,mii99 for a-attlqrianlliM 
and i f eorr«lat«d vltli tli« Baniii frtquso^ 995 ea*^ and 
•loitad atata fi««Baaejf 961 e«~^. ma$ Uraatbing rraqutoor 
I D tlia lofrarta aptotra of S-atttiyiaiiiUiia aod dl«aatb)rX» 
aolUoa ara takaa at 9B8 o«"^ aod 990 ea*'' aioogwltb thair 
BaiBftii oountafparta at 9 ^ ooT^  Q^d 9S8 oaT^ raapaetlvaljr* 
aiQg braatblRg fraq««Boir for aow mibatltotad baosaoaa 
af« glTto io tba 7al»ia Z«3 of tte Oiaptar X« 
Corraapoodliuc to tDa aoda b^u <1310> of banaaoat 
tba infrarad fraqtiaoc;^  ta aaaignad at 1310 ca*'' for o-
taatbrlai^Uoay at 1310 oa*^ for a-attbyiaoliloay at 1330 ea"1 
toit U^mtt^l^niJXtm aod at 131^ oa*^ for dl-aatbyiaQiiiaa 
aa oarboo atratoblog fraqttanoy* Jn {a-astbyiaolilaa and 
di-aetbjrlaalMoa, tbia fra^aoQir ooald oot ba corraiatad 
witb tbair Bamao fraquaoelaa. Bovvrt «• bava oorraiatad 
tba iBfrirad fra^uwBoj 1310 aa*^ in o-attbyiaQiiioa witb 
aaaan fraqaaaor 1^)9 oflT^ wbara aa is K^aatbyianiUiiat tba 
iofrarad fra%iiaQ«r 1320 eaT^ ia aorralatad witb tba aaaan 
fraquanar 1316 aa**** 
fba O-B eat-of-ylana baodiog Yltoatioaa ara obtaiaad 
froa bjtt (995)t •au <975)f aig i^) and a^a C673) aodaa 
of bamana* fbaaa vlbrationa appaar in tba fraqoaoey ragioa 
1 '' ^  
t>«iw««i 750 • 1000 o«"^ « III dUL»»ob«tltiit*d b0oaMi«» 
foar 0*B «iit»of-pi«ii« btodlog vltoraUoot «r» obstrrtd* 
III o-Mtl^lsiiiXiiit, w» toav* <^ ««rT«d oiiijr tbr«« Infrarvd 
firtdiitcioltt 6M)9 920t find 980 en'l for 0 ^ oitt»ef«piaM 
b«t34iiig TlbratloDs. Zb«M ar« eorrciaUd wltti tti« ntma 
fr««a«oolM 8tfly 923 and ^ ea*^ i«tp«otiv«ijr. In «• 
••ttqrlaiiiUaftt «• lmY« 0S8lgD«d tti« iiiArar»d fraqiMfioiM 
B50t 665i 920 aod 955 ea*^ ^o? 0»B oat-of^plao* l»«odli|g 
Yibrmtloos* Corrcfpaodloi Haeuua fr«qa«iaol«t for ttMi 
infnyrsd fr«^«i}oi«9 850 and 955 ovT^ t^ i^^  tiOtto at 81^ and 
953 onT *^ OtlMr Infrared fr«(|u«ool«s ooild not b« eorrtlatad 
tiltti tbe Basao freqiMnoiaa. lofrared fr«qu9Q07 350 en*^ 
l9 aiso oorr«lated witb tM axolted utate frtquoaojr 791 Q'or'^ 
c^ s@r?ed lo ttm aUravlol#t oXisorptlOQ sptotrua* 
Znfrarod fraqaeoolas 7^ 5» 755f @10 and 865 o»*^  ar« 
ooDsldersd tbo 0-B oiit«>of*plmn« bending vibrmtlons for 
^•atthylanllina* In tba Ba^ an aptotrua fraquonolaa for 
thasa aodas am oooaidarad at 7k^ and 821 oa*^. liofrarad 
fra<^anGlea 7^ 5 and 8lO QST'^ ara oorraiatad vlth tbaaa 
Banan fraqtianciaa* Zn di-aatbjrXanllinat tha C-B oiit«af* 
Iilaiia banding Titrations ara IdentlfLad at 7^ 5 f 860 and 
9^ 0 «a*^« It waa not poislbla to dbmmrm aU flva C-B 
ettt*of-i^laaa banding vibratlona* Infrared freqaanolea 
fk^ and 9M) «a*^  ara oorreiated witb tbe Baaan fraqaeaelea 
738 and 9 ^ ea*^ raapeetlYelj* 
lb' 
fr«tuMe]p X9iXtm 1000 • 13OO o^^« ZIM AIS C*li ia-plftiM 
DtodlQf irlbratiaot tir« d«7ifed froa ajg 03^)f 1»2ti Cll52)t 
•2g (117d> aaa tin (1037) aodfs «r b«ii2imt« ^wwwpQaaiaig 
to ttieM • i s 0«»B In plafi» btndlng vibratlooit iofrarcd 
baixS* 11H0» lapQ, 1270 and 130O QB*^  aM ldontifl«d M 
C*a tQ-pinQ* t)oi»llog irilHpmtioQs for o»a»tt}3PiaiilJilQ«. DB 
the oltr^vio2st absorption sptctraa of tli« WAW^ ooopoynd 
tb© exoit«d state frsqusnolos for tb«s« aodss ar« obssrvsd 
at 11S8 and 1236 ca^ t^ fbss« sr« oorr«iat«d vitb infrarod 
froqatneltSf 1270 und 1300 oa*'' rtspsotlvsly* 21afrar«d 
freqaenoy 11M>| 1200 and 1270 oaT'* are eorrelated ultb tbe 
•1 Um&n freqwiGOies 11^5t ti9d uod 1265 oa • In a-astbyl-
&niliQe« tbe G^ tn-pltme bending fretueooies are identified 
at I030t 1170* 1210 and 1290 ea**^ « Ikifrared frequenoies 
1170 and 1290 ear^ are oorreiated vitb tbeir res^otive 
EttMan ouinterpurts 1157 and 1295 oa" *^ ^ tbe ultraYiolet 
absorptioQ speetrust tbe eacoit«d state frequener 1165 ea*^ 
i s tElcen as C*U io-piase bendlof vibration and t» eorrelated 
witb Infrared frcqueney 1290 ea*^. 
In K*«»tb/lanilinet w* bave observed tbe five C-B 
l&^plane bending frequencies at 1020* 1070t 1l50| II80 aad 
1260 ea*^« 2to tbe Haaan speetroa tbe frequeneies for tbese 
aodes are 1021« 1l50t 1176 and 1260 ea*'*. ^be Baaaa eoaater^ 
part for tbe infrared frequenciies 1020t 1150» II80 and 1260 
0«*^ ar« %9km at 1021, 1150, 1176 and 1260 c»*^. lofrarad 
fi«qti«Bcqr 10?0 cm"^  eoald oofc IM vorralatad vUli tba Saaan 
fMfaaB^, Ilia C-H lii*plana bending Tibratlona in tba 
infrar«i(i absorption apaetma ^ di-MthyUniUna a»9 
idanUfiad at lOJO, 1055, 1160, 1190 and 1220 oa*^. Ho 
tba daaaa iipa<3t7iiB tba riraqiSftnoisfc tm tbaaa <eodaa ara 
takm at 1030, 1158, 1189 and 1226 oa*^  and beaoa oorraiatad 
irith tba Infrarad ffatuanoiaa 1030, 1l60, 1190 and 1220 <s«*^ « 
aing <«aformsition ftwqueneiaa ara darivad fro« a2g(606), 
b^g i?03) ^d a2ii C^ )^ oodaa of banaaoa* Modaa a^ g (606) 
and 92a ^^^^ ^'^ doubajr dageoarata wbaraaa aoda bjtg (703) ia 
noD-daganarata* 
roa oiirbon oat-of-piana daforaation vibrations ara 
<^tain«d froa tba aodaa a2ii (^05) and b^g (703) • Ondar 
02Y a^ raaatrjf, tba doubly daganarata soda •jua (^5) split 
into tvo Qoaponants* Zba appar and iowar eoa^ CNCiants of 
tbis Mbda ara asaignad at 375 and 3^5 oa*^  in tba infrarad 
tj^atriui of o»aatbyianilioa» Corrasponding to h2g (703) 
aoda, infrarad fraqoanojr i s assignad at 710 oa*^- Itoaaa 
ring daforaatioa oiit-of»pXana fraqoanoias bava not baan 
oorraiatad witb tba Raaan fraquenoias* Zn a»aatbyianilina, 
tba two eoajpoBants of oaa 0 ^ ) aoda ara tsi&an at 375 and 
1^ 10 aar^ for ring daforaatioc ottt-of-plaoa vibrations. 
Infrarad fraqjutaooy 705 oar'' ia t^ kan far tba aoda bjg (703) 
for ring dtoforaatlon <Mit*of-plMit vibration, Xboto 
fr«%tMiioioc ooulcS oot bo oorroUtod vltli tboir roopootivo 
20 ••ofttl^'iADlliQtt tbo Inrrarod fro^eoaoloa 375f 
Mo on*^ and 690 o«*^ bavo boon aasigood fear riog doforiM-
tioa ottt-of-piano vibratlooa. fbo flrat two oagQltudos 
oorroopood to •2» CM}^ ) iK^ do wblXo tbo tblrd aagoltodo 
oorroapQQd to b^ g (703) OKHM of bOQaono* ti»»a9 lofrarad 
froq^oooios ooyid not bt oorroJUtod vltb tbo Baaaii fro-
Qtionoiot* Zo di*a»tbjrXaiilUao9 tbe riQi doforaatioii oat*of. 
piano iribrationo oorrospooding o^ n C^5) BOdo aro Idontlfiod 
at 3959 ^^0 e»*^» tboao aro oorrolated vUb tbo Baaan 
froquoQQios 398» ^ 2 OB*^* Corrospaoding to b2ii (703) aiodot 
tbo Infrartd froquoooir 68^ <^ '^ i s oooaidorod for tbo alsllar 
aodo* fbio froqooooy baa not boon oorreiatod vltb Banan 
frotoooejr* 
1^ 0 dogoQorato lQ*plaoo rlog dof orsatlon 02g (6O6) 
sodo of bensoao opllta into two oonpooonta ondor rodtwod 
ajrwBotrjr* Is o-aotbgrlaDlUoo tbaao two eoapoQanta aro 
Idootlfiod at l^ 35i 520 on*'* In tbo lafrarod spootnin for 
ln»pliiM ring doforaatlon Ylbratlono, Xbo u^por ooi^oooat 
5ao o«*1 lo oorrolatad vltb tbo ground otato frequeoojr 
520 otf"'* «ad oxeltad otato froqaenoj ^75 ear'* otooorrod in 
tbo ultraflolot abaorptlon apootrua of tbo oano ooapatind* 
Tblo iQfrarod froquooey 520 QWT^ lo aloo oorraUitad witb 
16: 
• 1 
i t t «a«tt«r«4 ooufit«rpaurt 509 ea in tism Mmm Bpwetrvm* 
HRfrftr«d fi«ttt«fKsl«« k3$f 535 e*"^ «ir« eoaaldmrmd tli« two 
eoi^ poiitQtt of 021 (606> aoOo abMrrotf ia tht iafrmrod tpoo* 
trua of aHMtbjianiiloo* Xkifrarod froqutooy ^^'$ oa*^ i s 
oorralatod i^tb tiio aaaan fr«q,a«iio]r 519 oa*'' and oxoitod 
•tato fr«%a«i}agr V70 ea*''* It was not poaalbla to oorraiato 
tlia islVarad froqtieoejr ^55 oa*** vitb llaaao fraqutocgr* 
Si}« iQ« i^ao« riag dofor^atioo vlbx^atiooa In tbo 
iofrarad spootrua of IS-aatbylaoiUoa ara idaotlfitd at 
•1 500 a»d 6l5 ea • Zn tba Baaan spaotrua tbasa fraquanoiaa 
ara ta^ofi at 322 and 602 oo*^ faspeotliraljf. 31ailar2jr» ID 
ttte iafravad apeotraa of dl-aattorJUiOlJliaet tti« fraqoeooias 
510 aod 610 oa* ara oonslderod for tbe io-ploQa ring dafof^ 
aatloQ vibratlOQS* Tbasa ara oorrelatod ^tb tba Baaao 
fraquaoelas ^ and 612 ea*^ TOspeotival;. 
Xba OQoaraiiea of H»B stratobiog vlbratioos la aost 
of tba pilaaiy aroaatio aataas was astablisbad b; Bail (29) 
aad Sl l i s (30)• Aooordlai to tbaa tba ii»a stratebiog trlbra** 
tioas appaar ia tba ranga 3300*3500 ea*^. b^a first of 
tbasSf wbieb i s dua to tba asjra&satrio stratobiog aodoy i s 
ttsaally found naar 3500 oa***! and tba aaeood» tfbiob ariaas 
froa tba oorrasponding syanatrioaX aodSf naar 3^ »00 oa**** 
Batb of tbaaa ara sttbjaot to aaall obangas vitb aXtaration 
of tba polarity of tba aeXvanat| and to ratbar largar obangaa 
l b . ™ 
ift ecmetotrated aoltiticiiii in wbiob iiiter«o2«ou3jur asao* 
oiatloii oaa oeeiir* Xfitraaolseiilftr too^Utm also lowkra 
tli«t» £r«^iatnei«s, Oalif«iio «t al* (31} b&w ttuilitd tiw 
two B«fi sti^toDlQg fi«(|tiaiiQle« In a aariaa of aul)atittita<t 
anilliita midar bigli rasoliitioD* fbajr fi»ud tiiat aaeli of 
tbaat frdtt)»iici«* i« sk dtirael fuimtioii of ttso raaietivity 
of ttia e<»^tiiid a* m&mifd hf Saaesat <r "ralttea. lofrarad 
baMa at 33?0 c«" t^ 3W0 siT^ aM 3360 oa* > «^»iO <»" haw 
baas aaalfRad aa i»B atimtcbing vlbratlooa for o^mttt^laiiiUm 
QM mo^mt^lmllXfm raspaotivalir* %lm first i^goittida In 
aaoti oaaa ootraapootla to the aj^n^trio m& tbe latter oorras* 
foa^ to tba a«r«Mitrio stratebiiif ra^e* Bamm fra^aeooiaa 
toff tliaaa tn© i3ol®eiila» mm 337^ oir't f»5t s®*^  aB«l 33S?'0 o«*^i 
3^ 55* es*^ and profiSa a prc^r bmala for tba abova aasiioad 
frtquaiaoiaa for a«I stratobioe soda* £Q H^aatiiylaDiUBai 
tba I*B aiQro^trlo atratoblc^ fraqaaiior ^» idantifiad at 
J^lf ea*''* fbia fratuoiior i> ^^ eorrtlatad \iitb tba aaam 
fratuanoy. B waa oot poaaibla to aa^go tba X-H atratobiof 
frattttbcor ^ r dl^aatbjrliailliiit diia to tba faot tbat Iba 
tartiaxy aalaaa do net abov anr 8-B atratoMog fraqtsaoor* 
IBia 93twmtTt9 and aayoaatria atratoblag fraqiiaooiaa of 
iBdividBal aoUoaUa obay tba aaplrioal raUtlon 
VafK * 3^*53 ^ (^ •^ 76 >^ «9ya prt^ poaad by Balla«r «t al«(32)* 
fba aMiiiilta(»ia of B-fi atratoblng fraqu^nelaa (ajrasatrlo and 
aajPflMtrlo) o^arvad in aoaa otbar aidiatitutad baosaoaa ara 
flvao iB tba fabla xr*5« 















2**yXuoro-5<-tiiilQotoli2«ii9 i ^ ) 
3*Fluer0«U-AailiK>tolueii« ( ^ ) 
































3 ^ ^ 
3U80 
3}f60 













fsbit If«5 e«itd»***# 
2t$»m9hUr9mXtlm (8) 3378 Jii80 
at6-DiQfol9foaiilUiMi (8) 1378 Jb80 
>naoro«*WC9iloroftiiiUii» (35) 3339 3^30 
« — — • I immmmmmmmtmmmmmm i mmmmmmmmmmmmmm^ i iiiiiiiiiiiii nil ii mm>mmmimimmmimmmmimmmmmmm0m 
fb« teisaofiai (aymmtH^ dtf^miatiOQ) vibration 
s,pp9mT9 io tli9 ra8g« I590*t650 es*^ in aost of Vm prlmuty 
mf&mtia aalQ«a* ST«IM <1) tms assigmd ttin fifd(i»«iiQ(r 
1618 ea*'* in 3M.iiii« «c^ ^n0 vt si* (4) bavo aa«igii«d tii« 
fr«tii«aet« 1617 nirn 1617 m'^ mA ^m m^^ la ^^U^ 
to tfait eoa«« in tlJ* t«<98«nt lfiv»stliatloi} a bend a»4 a 
•liotil4«r 165^ es"^ 411635 oit^ ar« atsigntd «• Ma seitfOfiag 
vibratioiit for o»»tili]rl«niliiMi A a»s«tli3r2«filllBO fOopodtivo3|r, 
]1» wot not poioi&io to Moign tliis vibration for i-votturioniiino 
waA 4i*MtliiriaaiUao <ltto to l&/ek of m^ $rmp* tim 11% oei** 
•soriBf Tibrationi of iowi fubotitntod anilin^o aro givoo 
in tlio f^blo Zf*6, 
tmwt' If ff^ 
was aoisgoaiip yjaaAfioi 
ftoloealo Qromd Statf fro^iwoor 
^ {9wr^) 
AQilint (1) 1618 
1 6 C) 
7Abl« X7,6 eoBltAi 
o-0bloro»nilin« (6) 1617 
••^moroafilUiit (6) 1617 
^•ailoreaiiiUM (6) 162J 
3.aiiloro<^HttlijrUQlUQ« (3) 1625 
3.CbJ.iif^2»liitlurX(iiilUfi« (3) 1615 
2«Gbloro<^l{|ttQrXaiilU8« (3) I6l8 
)^(%loro»2*^itt9laoilii» (3) I630 
5'-^liXoro»2-lliti||rlaoiUQ« (3) 1620 
2«Sbloro-W»LtroaiiiUQt (9) I6l5 
WChlOFO-2-liitfOaniUo« (9) 1605 
2»?luOfO»5*AmiiK>toloefi9 <3 )^ 1610 
3-fItioro-WiisliiotoliitttMi (^) 1605 
3*floo70»6-^NB4iiotoIa»a« i^) 161O 
WFliioro»2->^«iiiotoXutiie (^) I610 
3*FIuofo»t».abIoroaollli)9 <35) 1629 
2t6*l3iobloreai}illM (10) l6l^ 
Hi* Infrartd vlte^atlcsnaX \nmd9 IO6O em"^ naid 1075 e**^ 
•«y b« «gslin«d to XB2 tvlstlng vibratloiii for o»Mtb/UaiUiMi 
and »»attlqrUiiiIiii« rt«p«dtlv«l7* fli«s« ar« oormlattd vitb 
tli« HAMU fr«qtt«iiel«s IO61 oft*^  and 1077 ea*^ for tbt ni«p«o* 
t iv t sioXaaiiltf. Tablt Xr*7 oootalBt lb* ittgnitti4«s of IS2 
ttflftiiii frofntaey 14«ntifl«d in toat otbor sabttitutod 
aaiUats . 
o.") 
\M. •r, IFff? 
2»ab2oy0-6*ri>tt]iylaiiiUQe (3> IO81 
^aiIoro»2-^ttt)ylaniUfi« (J) t071 
(Dodi© of 3fS0Ql& (36)« fbe infrared baod oorrosponding to tlt9 
ipirorsion sos3© of aaoala i « obsorv^d at 950 ca*^» 2to oatliyl^ 
ao lUoe (37) t M s bond l o Xoeatod at 783 ea*^ and to anlXliHi 
at 660 q»*^* la tb® pfesent invdttigatloii tba H% nagging 
froquenoy la Identified at 5@0 oaT^ in o-aatbylaEiillna aod at 
550 QvT^ in ai-aitt^laKilUnt. 23Q o-anttijriaQlliQa ttaa infrared 
freqaeooy $B0 ea*^ la eorralJited vltki tba Raman frequenajr 
579 QwT^ and exolted at ate frequenoy 513 oa"^» &iatlarly, 
i n a»tMthjrlaalUne tbe infrared freqnenojr 550 naT^ l a 
eorralated with tbe Basan fraqoeney 5^3 e*"^ »o± exelted 
• t a t e fre^oeney k9^ oa*^* Tbm aagnltudet of MB2 vegging 
freqiiene/ aaelgned in eoM other aubatltuted anlllnea ara 
given m the Table rr«8« 
1 o J 
vast irfAgoap wmmtitGi 
2*Cbloro-*f»SltroaQiliiHi (9) 9*2 
^Cbloro»2»Sl.troanlliD« (9) 550 
3»QiX<»ro»2»liitt}3^ JlaQiliflo <3) 6Sh 
2»Qhlovo'6»:%tbf%&Qllitm (3) 631 
3»QhUT0^2'mtis9U!alltm (3) 586 
at6-.QiobloroaiilUat (10) 680 
2«*FlueroaQlliii« 0) 720 
3y5«£^lttoroaQlUn« (8) 728 
mmmmmimmmimm 
vm'SMi9 i m A^H'^ f^itfg flarva^miv^ fmm^QMu 
Then are ttiret OH deforaatticn tfqmnoi^s in tli« 
OH^  group. Oat of tbsM ttio art acy«Mtrie djaforaatloii 
•ibratic»#» ol»aenr«(S 1B tli« ragioo 1*^ 30 • 1V70 cwT^ an* 
OM i» syaMtrle dafortoatlon Tiliratioii obstrvad a««r 1370 eiT'** 
Zliit raglon of tbo spaotrua 1« falrljr eos^ Xox booatuo of tb« 
two ooa^ontAto of tm (1W85) 0-C strotobiog vibrations of 
bonstno la a44itloo to tbeaa Titrations* m tbo eaaa of 
o*8Mtfe|]rXaiilUnot ^ bavo Idaotlflod only out lofrarad tf' 
qutnogF 1MK> oii"^ for 0-B aiyoraotrlo doforaatloo vlbratloB* 
l b .. 
fhle frtqutoojr U oarr«lat«4 witb tti« i^ aaan fr«!ia«Qoy 
1W ev^* Tb« C-B tyBsatrle defamatioD vlbratloa i s 
aulgQed at 1375 oar^. fbia fraquaooar ia eorraXatad vitb 
aaoiB p^a^ ptasey 137^ aar^* Ha t ^ lofrajfad a^etrua af 
•»a»ttiyImnlUf)a tba tvo aasrauatrio (jKiroraatlon iriliratioii 
bava beeo oooaiaarad at lM*0 and tW72 ooT^ * iQfrarad 
fraqueoey 1^ 72 ea*^ ia oorrelatad wltb tba Baaan fraquaney 
1H80 ea'^. Fraquaaey iMiO ca*"^  coaM not ba eorralatad wltb 
tba aaoan fraquanoy* tba C»B ayo^trlc dafaratatloo vibratioa 
la Idaotiliad at 1372 oa*^ and ia oorralatad vitb tba fiaaan 
fraqjuaiieir 1377 oa*^. Hn S-aatbylaoiliQat wa hm9 idaotifiad 
mtl^ osa C*n aayatiatrio defornatioo vibratioo at 1^ 50 eiT^* 
tba Baaan o<^at@rpart of tbia fraqpaaoy la tct^ ao at 1M»3 ca*''« 
fbe OU aynatrlo daforaatlos vibration ia takao at 1375 oa**'*» 
Tbia fraqoiOQijr o(»ild not ba oorralatad vitb ita aeattarad 
oountarpart* fba two ooaponacita of C-B aayaaatrie dafc^aa* 
tloQ •ibrtitic^a in dl-aatbjrianiXiba ara aasiogad at 11^ 55 aod 
1ii80 oa"^, ^09 infrarad fraquaooj 1^ 55 oa*^ ia oorralatad 
iritb tba Haaaa fr9qmmf iWk ewT^m 3ba C»B a/aaatrie da-
foraatioo vibration baa baaa aaaignad at 1390 ca*^ « It 
was not poaaibla to eorralata tbia fraquaoojr vitb Baaan 
fra«kiano]r* Sabla IV. 10 givaa tba aagDitiidaa of tbaaa tf» 
quaooiaa Qibaarvad in aoaa otbar aabatitatad bansanaa* 
u.: 
MoUoul* 






















3«>#bXero-^ ll9tb l^aQi2lQ« (3) 







CoUbup (39) li^s ^iven tim followlog oorreiatioo for 
tb* arooiitio aaifivs* 4 stroog luod mpm^» at follewsi 
Frtmnt 13M) • 1250 oa*S Jtooadfcaiy, 1350-1280 c«"^l 
XtrtiaiTt 1360 • 1310 0B*^ « lia tbA j>r«$^ Qt Investig<ttloQ tti« 
C-a atrttoblag fr«^u«aor is ia«ntlflt<l at 1335 e«*'*f 1335 ea*^ 
and 1350 eaT^ in tlw lofr&rtd spvetra of »»a»tbyXaiilUn«9 V-
Mtt^laniXlQ* ttBd dl-MtbarXanlXlB« r«tp«etlTtil/« Xtia iafmr^d 
f^sqatooy 1350 ««*^ ID di-wtbyLiiiiXiot U Qorr«Xat«d witb 
tilt aaattii fr«%iitiioy 13^ o»*''» 3riM lofrdrvd frt^ utn s^f ot 
t^if son* couXd Qot b« ld[«niifl«dl In e-mthyXaniUn*. B«lev 
art givto tht »iiinltttd«s of 8-E strttehlog frv^ OMifiar ol»ii»rv«d 
lo Bom •ubttitQt«d tJCBieMt in tli» tabl« Z7*10» 
l i^M > Iff 19 
^2«cal« Ground Stat* frtqutocty 
{S*flaoi«ai}iIif4d (33) 1320 
3«ai)Ioro*W!litiayIaiiillEi9 (3) t29S» 
3-l^loro-2^llitl}yXatiaiXiQe (3) 1291 
2»(%loro*6»ll»t^laQiUn@ (3) 1311 
t^Obloro-3-:i9tl3jr3latilllii« (3) 1312 
5.CSl3loro»a-^tbylanlllo« (3> 1300 
2«Ct3loro*WiltroaQlUi)e (9) 1335 
Waiile70»3»mtroanilliw (9) 1320 
o*-abloroaQl31oo (6) 1312 
aM3hloroaislUii« |6) 1298 
p-OblovoaolUiMi (6) 1292 
2-FIuoro-5-^t'ainotoljeQe C3>^ ) 1305 
3«Fliioro-VAnlfiotolu«iH» (3 '^) 1320 
3«l'Iuiifo»6*»<MiliiotoliMcw (3^) 1310 
^•71aoro*2-»HiLfiotolutiit (3^) 1310 
2-Fliior«»aolii*w ^} 1302 
3.fliier«»-WihXoroaiilUi]« (35) 1299 
l b : 
at5*l21fluofoaolllo« (8) 1318 
Zt^uXetloTomXllm (8) 130I1. 
296»l>lebIoroiiniUiui (8) 1315 
c»!i% iB-gii4r£ mumm wmgjma 
bandiBg vibratioiui aro l4eDiifie£ »t 355 ca*^ and 355 OB*^ 
r@fip@etiv«]jr for o-ia^tt^Xuniline (ma »»aK»t£ l^aQllioo. Sl>« 
0-^2 in*P^ «^M39 bending frsqueosy ofbser^ od in tbs infrared 
ap^etra of soas otber substituted anilinas are gi^ ren in the 
fable Xir.1t. 
c»Mi3 xs-PunE h^aim i^mgmiGX 
ftoleoule Ground State Frequeney 
(e**'») 
3-jriaero<U>.ailoroftQiUn« (35) 385 
3-CtolerOi^»itb3rlaniXine (3) 3*^ 
>Cblom*2-MetbylaniUne (3) 3^ 9 
a-Cblore-S-HetbyXaniUne (3) ^ 3 
tf^bloro*2*li»tbjrXaniUne (3) ^ 3 
5.Cbloro»2-Httl}jrlaniUae (3) 352 
1«j. 
Earlier -^ ovkers (3» kQ) have stuaiea tim C*B 
B^mmtTtQ anil a8yti;iifttrio stretcbiiig froqatooies ia series 
of substitat^d h&nmo&Bm £ti tbe lorrareil apectruia of 
o-OBtbylaotUo© tb© 0-H asyrt^tplc stiretcbtDg vtbratloQS 
ar© liteatlfiatS at 29^0 aad 2970 carl. i}}e@e ore oorrelated 
«lt& t&e aasao fE©<iueociQ8 2919 aod 2989 oaT^  respeotlvely. 
fb€> o a oyogsatrlc atretof^og vibration la oc^jsldsred at 
28^5 ci!r*1» Sbla fr®queooy la earrelated witb ttso aaasoi 
fr@(|itaoQF 2B71 earl« ^ e C»a 4sy!M©trlo str^toblog froqusDolet 
In thQ lofrared spsotruis of dKc^tt^laQllloe are assigned «it 
2920 aod 2970 cas*^ » 2{}frar@(l freqadocgr 2^20 OQ*^  I S corrs-
latsdi with Its Bmm camterpart 2915 csT^. lofrarod frs-
qaenoy 2^3 em"'^ i s assus&d for C*H aymmttlQ stretoblog 
vlbratloo. flJls frsqoeacy Is oorreiated witb tfts Baiaao 
fraqaoQoy 28^ oa'^. to ^^tb^loQlUoSt tb© C-H asyaastrlo 
aod sjaEietrlc atrstcblog vibrations ars identified at 2930, 
2980 owT^ and 28l5 ea*^ rsfspeotiveli^* TQQ first two aignl* 
tud<is ars for 0«^ asyaiastrlo strotoblog vibrations vblls 
ths tbii4 Is for C-S syiwetrlc stretcblng vibration. 31«1-
laray^ in tfas Infrarsd ipsctrua of dl^astbylanlUnt, ths 
C-H asyaiB«trlo strstoblng vlbratlv^is ars idsntifisd at 
2930 and 2970 o«*^. f^te« 0»fi ayKcaetrle strstcblng vibration 
Is assigned at 2870 onT**. Hignltudas of syiwsstrlo and 
ABymmtrio Q*M atrmtcbtag vibrations ar» givtta io tb9 16.3 
^>^ #xiffffifi? 4ia.MK^3Pfi^ti^igM(i,y»m^3ii 
Mo2ecl2l« 
Qromd Q%mt» C«a atiwtelili^ 
























CH3 EO0K3M fm^mmsi 
Xl)« OSj roQlcitig tfnumm ^^9 b««ii taJfctn at 102Q eiT^ 
for a-Mtbylmill lM. 80 suob band of t t i l t mod* va« ctet«rvtd 
in tlitt iwst «if tb« tb r t t isol«oal«a, uodtr eQiiti(l«ratieii« 
Tmhlm If.13 g iv t t tb t aisi«filtud«ii of t l i i t fr««titaojr obwirvtd 
1 b • 








































l u < > 
tli9 infrared bmnls 262 ca*^ and 290 oaT^  bavt !>••» 
Qomia@r&^ at OCH3 oat-of-plnot btiadloi •ibrationt for 
o<»imtt]grlaQilliie and ti-ia&tbylaaillQ® respectively* Corres* 
pondSj}g Hmaiao frequencies for t^tse maleoules for tbe sane 
@ode are 263 c&T'' aad 2 ^ as**** €M3H3 oat<»of«>pIaQe bending 
freqaaofi^  (^served in eoiBe other tioleculea are given in tbe 
£able If .1^« 
tm^ r W T 1 % 
molecule ^^"^^ S t ^ frequene. 
a-% j^Uioro-^ Br< o^toIuene C t^) 28l 
i»»Fluoro*2*Bro£iotoIuene <*H) 285 
2-#luoro-5*Bro@0lolue8e O1-I) 282 
3*3bloroJ^HttbyituiiUoe (3) 26l 
3«*c:bloro-2-»etbylaQiUne <3) 273 
2-Cbloro-6-.MiethylaoiIiiie (3) 275 
t»*Cbloro-2«>MetbyIaniline <3) 271 
2«Flaoro-5«>Bro!aQtoliieoe (^ 2) 299 
IfJU 
iji-a m-rhm mmmQ fmMii^M 
fbt B-tt iB-pIaoa bontiing rr«qu«Dc^  has I}9«D W«XX 
8taai«d by several ifork^rs (33t ^3, S) , Bavuati • ! a l . Cf5) 
baT« reported ^B in-plane ttendiliig rreauenojr at 1620 oa*'* 
in ttie infrared speetroia ot 2,6« i^lasinc^yridiiie* lb tlie 
present investigationi tbe B*S in-plaoe benOing freipenoy 
i s iacQtified 3t 161? oa* in tbe infrared absorption epee* 
truiti of c»«aetby3a»iline« fbis i s correlated ^tb tbe Baman 
freq^ oeooy t6l5 csT^m 2n si-t^tbyl^ctilioet tbi« i s neeigned 
at 16^ em*^ . Ibe Baman oowiterp'4rt of tbie frequeaoy ia 
QQsaidered at 1612 OST'** Stifrared frequenoy 1620 oa*^  ia 
assigosd as &»S in«plaoe bending frequeney for S-zsetbylaniline* 
This frequensiy is not correlated «itb ttm Bamaaa frequency, 
l^nitudee of U^B in-plane bending vibration observed in 
eoae otber eabstitoted benzenes are given in tbe Table IV«1$» 
if»g i^^um mmm im^min 
>loleoale Oroiaod *»tate Frequency 
<oa-1) 
a-?lu«raniUne (33) 1612 
2t6-DlaainopyridiBe (^3) 1620 
2-naoroaniUiie (8) 1632 
labia X\r*l5 eootdi 
1 ' • ' " i 
i t U 
2t5-0inuoroaniUiw (8) 1650 
af5-iUcbl9roanlllii4i (8) 1626 
2ff6.mehloroaDilln« (8) I6l8 
'£Ja9 B-H (^t-of-plao* t^ etidiQg vibration Id asaigotd 
at 1055 ea^ ^ ^ the lofrarea 8p«etruQ of a-aetty^laiilUQ*. 
'litis frequGQojr oould <iot be correlated uitb tbe a&mo 
fr«qu«QC|r« la £i«ai^ tby3aQiIiQe tb@ sissLlar l^ equdoojr is 
idoQtified at 1060 oa**** Its Easao ooooterpart is ooosi* 
dertd at 1065 OB**^ * XQ o-aietbyiaQiliD@| tbe ii*H in-plaoc 
b®i^ ing froiiueoojr baa aot been cSssenrod* fbt 8*B in-plan* 
bending frequency ;^ s<$nred io so&» otber sObstituted 
aoilines are given in tbe fable XT•16* 
Neleoule Ground state Frequenogr 
2*fluoro«niliae (8) 1066 
2t5»i3iflttoroaniUne (8) 1072 
TabU IT.16 ooilt(l*«** 
2,5.Dlel9loroaiillliMi (8) 1088 
2,6*Dlebloroatillln« (6) 1082 
tb9 O-OHj 9tr«tohlng frequent^ I0 assigndd at ?h5 csi* 
1Q tho infrared sp«ctrum of o-oetiiylanillno* Xtila fraqueoojr 
i s broad as wall as strong ia intensity and i s oorrelatad 
tfitb tho EarnQ freqtieQcjr 739 oa*^. lo ta-ffl8tbyXaQii.ifi«9 this 
frsquanoy is identifiod at 770 ooT *^ ftiis i s oorralated 
tfitb i t s Bama counterpart 776 oai*^ « Tbs assigoiasnt of this 
fraqusoQjr finals support by the others (229 Mt-, ^5). tiagnitudes 
of 0-(^^ stretching frequency observed in sose other aubsti* 
























TAhlM 17*17 conad. 1 • ; '"• 1 / t-^ 
p-Cbiorotolotne (22) 7^3 700 
o-BrogiotoIuene (22) 7^ 
— — . J ^ ^ j . ^ ^ 
ZQ Ii«!a»tb3rlanilln» tbe C-iiB(CHj) b«n<Slog out-of* 
plant vibratlOQ i s assigDed at 250 oar^» fbi« fr«qu«nQy 
i s oorreXitsd witb tbs Basaa froqusoo/ 237 oa* • 2bs 
C*S (OH )^^  oat»or*piai^ bendinis vibration in di^siatbyianiiins 
i s identiflsd at ^ 0 QOT^* In tbe Haotan apeotruia this 
froquenoy i s identifisd at 305 om*^ « 
Other frsquoDciss cbsdrvsd in tbe infrared spectra 
of o-taetbyXaniiiiie« ta-wtbyianiiioei B-tastbyianiiine and 
di*aietbylaniline are assigned as oooitoinations and overtones 
of tb@ fundataental frequencies* 
Correiatioos of infr^iredf Hastan and excited state 
frequencies of o-asthy ianiline and Bi-a»tbyi^niiine are 
given in tbe Tables ZV.18 and 19 vbereas tbe correlations 
of infrar^ and Baaan frequencies of fi-sietbylaniline and 
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U3&B, BilMAH QmatSA Of BSSZOIO ACXD, 
mmkhic Aco mn JAUCIUC ACUJ 
BED 3£ECXaa 0 / BmZOm ACID, ^li'IHAUC ACXd AHD 
;laU03tLIC ACID 
1 'J v^ / 
iHKrfliQiHKfiiim?B 
In r«e«iit yturtf Infrared tp^etrofcopy ba« b««Q 
us«d •zt«DtiT*ljr for tb« deteetloo of obtmloal groups 
in mtsrlali of aminouQ struotur* Djr cibstrvatioo of 
cbaraet«ri«tio ffr«(|otmlet (t)* It but also provsd to 
b« a powsrful tool for study log tbs bydrogso boediog. 
FIstt (2) bavo studlsd tbe iofnursd spdotra of sixty 
oarboi7lio aeids vitb widely varyiog struotorss bstwsso 
700 • ^000 o«"^* fbs stain aim of bis study was to 
iti^iovc tbt oertaioity yitb wbiob a oarboxylio aoid group 
can be distioguisbed fross otber aoidio groups by iofrarsd 
spectroscopy • «i»2sotrio dipois mot&ent and bydrogsn bonding 
in bensoio aoid bas been iseasured by Mlsra et al . (3) 
fros tbe soiutioo data using non-polar solvents like 
bensens and dioxan witb tbe beXp of Higasi's equation as modi* 
fied by Erisbna et al* ih)* Tbe effeot of bydrogen bonding 
bas bsen investigated by studying tbe polarisation of tbe 
solute in solvents Ulce benzene and diozan and i t bas been 
found tbat bensoio aoid above a strong assoeiation at 
aole fraotions 0*6 * 0*9 of tbe solute. hM a oontinuation 
of our interest in tbe series* we bave aeasured tbe 
infrared absorption speotra of bensoio, pbtbalie, and 
salioylie aoids* Safrared absorption spectra of tbese 
QOt^ ounds will give tbe infornatioa about tbe ground 
state vibrations of tbe coleoules. Xbe ground state 
1 
Tlbratioos vtXX iw belpful in atflgiiiiig ttit ••rious 
•xelUd «tat« vibraUooi lo elAotronlo tptotr* as wtU 
at io stoOjrlQg tiM •ariout oonml iBOd»a of vibrations 
asaooiatsdl witb tbs aolsoolas in tbt fround stats* 80 
far 00 lassr Mma» data 00 banaoio aeidt pbtbaXio aoid 
aod salictyXio aoid art avaiXabls in tbs i i t s ra turs . 
Haoesi iassr Bamao spsotra of tbs oa^ouods \«sr« rsoordsd 
usiog argon ion iasor as sxoiting soarcs* ?ibrationaX 
frsqusnoiss observsd in tbs lassr Basan and inframd 
spsotra are assignsd to diffsrent ftuidaaental aodss of 
vibrations aoouratsSy. Apart froa tbass fondansntalst 
ovcrtocss and coabioatioos ars also prppoasd* 
SKQTlCa A 
'^i*mm^mm^(*¥4^(»m^timi]wm*t*msim: 
lbs saaplss of bsnsoie and saXioylie aoids vsrs 
suppXlsd by H/a, B.i>«a* Coapan3r» £ngXaod and tbat of 
pbtbaXis aoid vas suppXisd by Wa* £« Mirok Cot^ ianort 
OsrMaiqr* 2bsir purity was statsd to bs 999( and tbsy 
wsrs ussd witboat furtbsr parifioation* 
Tbs Xassr Bawud spsetra of bsnzoio aoid» pbtbaXio 
aoid and saXioyXie aoid vsrs rsoordsd on a Codsrg fHO 
instruasnt vitb sXit vidtb 8 oa*''» in tbs soXid pbass. 
1 i 
Tbt ssAplvs vom ezolt«d bjr tli« ^880 Ik" (lilut l iot) Argon 
ion 1^9«r ^ Sp«otra i!bj«ie« HodtX 16^ tfltb powr 700 MW* 
aeao Bi^9d was l£«pt at 50 eaT^ par oln. Xasaparatura vaa 
293%* 7o obsenra the Ioif»fraqutiioi BaMO bandtf tba 
laaar aasan spaetra of baoaolo aold and j^tballo aold 
vare also raoorded at Ion iotanslty lo tba ragioo 75-250oa*i 
and 100 » 3$Q oa* raapaotlvaSjf. Moreovar tba laaar 
Battan apaotrum of aalloylle aold baa alao baao raeordad 
io tba ragioo 100 • 2000 owT^ at 1/2 of tba intaoaity to 
obaanre tba iotr-fraquanoy boiida and iotaosa baoda* fba 
otbar azparis»ntal oonditlona idara aaow aa daaaribad 
abofa* 1^ apaotraX ragioo batwaao 2000 - M)O0 ciT in 
baiizolo aoidt pbtbaXlo aeld and aalloyllo aold baa baan 
ooiipraaaad and banoa ara abovn aaparata for oaeb ooopotsid* 
Tba lasar Baaan apaotra of tbasa ooapounda art daplotad 
In tb9 Flgi. 7*1 • 3» reapaotlraSjr. 
0slng Argon Ion laaar aouroa at ^880 A^, aaaao ablfta 
^mn naaaurad tipto 3220 e«*' In banxolo aeld« 3169*31 om"^ 
•1 in pbtballe aeld and 37lO*t»3 en In aalloyXle aold* 33t 
37 and 52 Hanan banda bava baao otoaanrad In tba Xaaar 
Banan apaotra of banaolo aoldf pbtbaXlo aold and aaXleyXlo 
aeld rtapaatlvaljr. Moat of tba aanan banda oliaarvad In 
banaole aold and pbtbaXlo aeld ara strong n^d if if strong 
In Intensity axespt few ones wblob ara vaak and broad* 
1st) 
Pig, V,2-a Laser Raman Speotrum of Solid Phthalic Acid 
( 150 - 2000 cm~^ ). 
4000 3000 2000 
Pig. V.a-b Laser Rajnan Spectrum of Solid Phthalic Acid 
( 2000 - 4000 cm""^  ). 
250 
Fig. V.lCc) Laser Raman spectrum of Solid Benzoic Acid 
recorded at low intensity to observe low 
frequency "bands ( 75 - 250 cra"^). 
000 ISO 
P i g . V . i - a Laser Raman Spectrum of S o l i d Benzoic Acid 
(150 - 2000 c m " ' ) . 
4000 3000 
I / 
^ig» Y.I-TD Laser Rajnan Spectmra of Sftlid Benzoic Acid 
(20<50 - MOOO cm"^ ) 
2000 KK) 
Pig. V.3(c) Laser Raman spectrum of Solid Salicylic Acid 
recorded at 1/2 of the intensity in ordev to 
oT^ serve low freqwency bands and intense baiids. 
( 100 - 2000 cm""'' ) 
xooo 
F i g . Y.3-a l a s e r Raman Spectrum of So l id S a l i c y l i c Acid 
( 150 - 2000 cm"^ ) . 
J 
4000 3000 
P i g . V.3-b Laser-Rajnan Spectrum of S p l i d S a l i c y l i c Acid 
( 2000 - 4000 cm"^ ) 
250 100 
Pig, v .2 (c ) Laser Raflisin spectrum of Solid. Phthalic Acid 
recrded at low i n t e n s i t y to observe low 
frequency tands ( 1 00 - 250 cm""'). 
1 ^  ' 
_ 1 XJ » ^ 
So saXloyllo aold» ttp«rt froa atroi^ antt Y«ry •troog 
ataao to«tid«» \b« bands Ijrliif in tlit rtfloo bttvwn 
175o< 00. 29<1>6.60 en*'^  ar« Mak aod broad vaak in oatur** 
aaaao banda intaiKtlUat vara aatinatad viaualljr an tiia 
aoala 0 to tO« Folarizam wara not uaad to saoord t&a 
laaar Bi^ aan spaotra at two parpandlcalar diraotiona io tba 
presa&t axpariaants* S^arafora^ ttaa dapolarlsatioo ratios 
of aaiB4D bands oould QOt bo Masurad* 411 tba Baaao bandat 
Qbsarvad in tba praaaot lovastlgatiooi ara asalgoad iotaras 
of fandattantals and ovartooa and oooblQatlODs of fundaaaatal 
vibrations for aaeb of tba molaeulas bansoio addt pbtbalio 
aoid and salioylio aoid. Obaervad Mm&n fraquanoiast 
iotansitias and tbair probabla asaigoaKots to diffaraot 
sodas of vibrations for tbasa aolaoalas ara givao in tba 
fablas V*1 • 3traspaotiva3ijr* 
*WFvmfyifW4'i^iw^ffi 
fba infrarad spaotra of solid banzoio aoid pbtbalio 
aoid and aalioylio aoid ^^f raeordad usiof a Ibrkio-iiilaar 
doubla baa« grating infrarad spaotrctpbetoaatar (Modal 521)* 
tba instruaant vaa oaiibratad vitb tba balp of tba spaotrua 
of a tbin sbaat of poljfstyran. Xba spaotra of tba solids 







































* • » • • 
3,V8 
3 . i 
ASfligSMIlt 
b<| S-O rl»g deforioatioi) o .p . 
k-i 270* • 3^0* 
a<| €-C rlQg ditforoatloo l . p . 
b^ G-^  ring deformatlOQ o.p . 
a<] C-OH sjrmrMtrio stretcUlog 
b|/!»2 0-B bel l ing o.p. 
Bi 656 • 260* 
hi S-H b«Qdlng o .p. 
bj C*M t>«adlQg o .p . 
a^  C«i; ring breatblng 
ai ti*fl beodiui l . p . 
a^  C«fi bewliQg l . p . 
a« 0»H (iftforiitatlon l . p . 
a^  0-U banding l . p . 
a^  C«Q rlog stratcblng 












































, 260 •1112* 
1 0-C ring • tn tcb lng 
1 C-C riog • t r t teb lo ( 
1 C*0 ring stMtoblog 
, 656.00 • 1090* 
, 985* • 795* 
1 1180* • 1M»2.83 
1 1600* • 1320* 
1 a X 1*>90* 
1 C-fi stretoblQg 
1 C-H stretoblQg 
1 1 6 ^ * • M o * 
1 2 X 1600* 
1 1600* • 1633.61 
Mot«i VflauftX • • t i sat t s of tbe lotmslt lva bav* baeo 
taken lo tba seala 0 to 10. 
i . p . • io-plant, o.p. « out-of-plana* a » atroog* 
•a • vaxy atroog* ba « broad itrofig» w » vaak, 
va m waak atroag* iib • wvalK broadf ab • sboaldart 









































a" C»C00H heading o.p. 
a" C*C ring defortsatlOQ o.p. 
a* C-C ring dfiformatlci} l .p . 
a* €»C Flog defc^ffiatioo l .p . 
A« ^20* • 235* 
a" C-C ilQf dftton^dtion o.p. 
a' Q'CM. 8ym(&«trio stretoiiilag 
A« 
a* C-OB •»> syiawtrio strstcbing 
a" C-E baodlDg o.p. 
A* 2 X W37.67 
a** 0>B banding o.p. 
a** 0-H bonding o.p. 
iLf o 





















































> J-C ring braatblBg 
' a«g beading l*p« 
' C-H bdodiDg i.p. 
' 0*B deformatloo i*p. 
> C-H banding l«p. 
> (#*3 ring etretcbing 
' C*Q ring stretoblng 
> C-C ring str^tcbing 
' 0-C ring stretobiog 
' 0*C ring stratoblng 
IW95.35 • 739.39 
» 965.69 • 16M)* 
1150* • 1680* 




2 X 1582* 
Kotat Vlsoai aatlaatea of the IntaoMitlaa bava b«aD tafcan 
tn tba aaala 0 to 10• 
l«p« • lii*plana, o«p>a out-ofoplana, s » strong, 
T8 • T«i7 strong, w « weak, va • vaak strong, 
b « broad, 
« fraquanoias takan frosB infrarad spaetrua of tba sana 
eoaqtound* 
1-. 























,^ . , fa 
. Mj^ci^iiaisa or ^^i^ici^Lip 
alS^SSS_ 
iQteQSitjr 











2 f 8 
lUfVa 
3*8 
2 , 8 
2 , 8 




a* C>C00E b€ii^og o.p. 
&•* C«0a beoding o.p. 
a« C«0 riog dtuforoiatimi o.p. 
a* C-c rlog aeforsaatloo i.p* 
4» ^0* -1. 290* 
ft* C-G nag dbiforation i .p . 
a" 0-0 fl&g a«for«Nktlon o.p. 
6< C-Ofi »3fmmt3eio strstoblog 
ii" »f30* • 270* 
a« C«H btndlng o.p. 
«« C-E totoding o.p. 
«" C*a bending o.p. 
s<* 0-S bvnding o.p. 
a* C»C ring br«8ttiiDg 
i:*:: 



























3 i v t 














2 t V 



















2 X 5>»51 
c-H i>«fi{iiQg i . p . 
O-H de f o r oat ion l . p 
6 5 6 . ^ • 53©* 
O-B liafi^ing i . p . 
C-a trandiaf i . f . 
2 X 6 5 6 . ^ 
a«0 r i o g a t ra tc l i iog 
1030 .**7 • ^ * 
2 Jt 700* 
760* • 660* 
0*C r l Q i d t r@ta i i » i 
4» 700* • 785* 
A« 870* • 660* 
a* 
a» 
0»C r i 6 g stratcbiQg 
C-0 r lQg s i ro teb log 
A« 760* • 996.(K) 
A« 875*63 • 990* 
A» 1210* • 705.35 
A* 1i>70a • 760 




2 X 1325* 
1630* • 1211.77 
1 6 ^ * • 1295* 
ttkbJm ? .3 .ooDtd«. . 
2956.60 
3015-53 













3 t ^ 
3 t ^ 
3,tfb 
3,wb 
k* I630* • 1325* 
II* UoB str«tobing 
»• 0-H stnt tehinj 
tt* C-B str«tGblng 
«* 0-E st]f«tehliig 
A* 2 X 1580* 
A* 163^.76 • 1580.29 
A« 3015»53 • 700* 
1 :j r> 
notes ^ioaaX tstlsmtefi of the loteoaities bairo be«f} 
takon In tbe 90ai<i 0 to 10. 
l . p . « i»«plaoe, o.p. « out»of*plaQe, a « atroog, 
vs • Y«t? strong, v « uoak, vs « v»alc stroag, 
sh 8» 8b<»il4«f t b « broad, ^ » wtok broad, 
** freq^9Qel«« tai^o fr<^ Infrartd ttpectrua of tb« 
9um ooB^tmd* 
MM ^ytaiofd ttr using KBr p«U«t t«obQlqa«, Sean 
t i w vM 32 Ola* and fraqutocy accuraoy i, 2 oa*'' at 
s«ro tnpprtatlon. XIM spvetra Mr* atatur«(t at diffartnt 
edBoantratlont t i l l tb« btst spaotra obtalnad for ttit 
ooi^ Qunds tuidar Invastlgation. Oia Infrarad traces of 
bansole aeld» pbtballo aold and aaltoyUUB aolda ara 
raprodtaoad in tba ^iga* VA •6traspaotivaljr* 
7kf 70 and 78 infrarad bands baira ba«n obaarvad 
in tba frsqatnay ranga 250 • M300 QWT^ for banaolo aoidf 
pbtbalio aeid and aiiliojrlio aoid raspeetivaljr* Most of 
tba infrarad bands i&ra strong and very stroi^ in intansitjr* 
But aoas otbar bands ara waak in intansitjr and of broad 
typa* £ba intensitias of tba obsartred infrarad bands ara 
•isaall^ astifiata io tba seala 0 to tO. Infrarad tV9* 
qusneias in waira nusbarsf intansitias and tbeir probabla 
assignatnts ara presentad in tba Tables ?,U- -> 6, for 
bansoio aeid» pbtbalio aold and salicylic aoid raspaotiYaljr* 
aiOTiQB q 
IBCaSSKX AMD AMAUmm Of lA^SB RAW*» AMQ IMPSAHRn 
^iv^ijm^m^^f^mwf^mi^irm'^(iwmfi9yi^^ 
Tba ooi^ ound bscsoie acid i s a atnio-substituted 
btasans* Ona bydrogan in position 1- of tbt bsnaana 
ring i s raplacad br -COOH group* As an approxiaatioOf 
i f •oCOOR group is rsgardad as single oaas point and l i s 
#; 
MWILCMTH CMKMMi) 
WAVKMMKIICCM'' ' ) 
Pig . T.6 Inftared Absorption Spectrtim of S a l i c y l i c Acid 
in KBr P e l l e t . 
WAVCtIH6TH(MCR0m) 
(oT) 
Pig . V.5 Infrared Absorption Spectrum of Phtha l ic Acid 
in KBr P e l l e t . 
VAVCLimtN 0 « M M ) 
WAVENUHtCRCCH ) 
P i g . ' T . 4 Infrared Absorption 'Bpectrum< oFBenzoic Aci'd' 
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2 . i 
ItW 
AStilgUSWOt 
t»l C-COOB bendlag o.p. 
b^ C*QH binding o.p« 
b^ C»C riog deforsatloo o*p. 
bf 0*0 ring d«for!3atlon o«p. 
a^  CK} ring dtforttatioo l»p* 

















































^^  270 • 3M) 
«^  C-Q ring (teforaiatlOD i*p* 
A^  2 X 3M} 
1>1 C-0 rlQ« daformntlOQ o*p# 
a^  G-OB symmtrXe stratotilng 
t»i/)>2 C-B beodiQg o.p« 
bi| C-B bftQdlQg o«p« 
Bi 656*00* • 270 
b^ C»B beociiQg o*p* 
b) C-li beoding o«p. 
b. C-B bending o*p« 
a<| C*C ring breatbtog 
&t 3M> • 700 
a. C«^  beading l*p* 
a^  C-H bending l . p . 
«^ 0-H banding l . p . 
ai 0-B bending l . p . 
ai O'B dcf {3r milt ion l . p . 
B, l>20 • 795 
ai CoB banding l . p . 
a^  C-C ring atratt^ing 
B^  260 4^  1122 
7abl« ?«^ oootd*** 






































































C-C ring atrt tebi i i f 
C-C ring atretcbing 
930 • 700 
1(K)n^8* • 5*^ 
700 • a!if8 
1020 • 9*0 
C-^ a ring atretobiog 
1283 • 3^ 
C-C ring stretobiog 
, 1001 .»»8* • 660 
C « 0 atretobing 
1 2 X 85^ ^ 
1 1001.H8' • 710.00* 
, 930 • 795 
, 98> • 795 
1 930 • 975 
1 2 X 935 
1 1027.20* • 1060 
1 1320 «• 1090 
1 1132.13* • 1320 
, 1132.13* • 1322.83* 






























, 1^ *90 + 995 
1 1060 + 1*f90 
1 1180 + lMf2,83* 
1 1180 + lMf8 
, 1060 •*• 1600 
1 2 X 1»*90 
1 C-B s t re tch ing 
C-H s tre tch ing 
1680 + I»f90 
1 2 X 1600 
Notet Visual estimates of Intensi t ies have been taken In 
the scale 0 to 10. 
4 . p . s out-of-plane, t . p . = in-plane 
s s strong, vs s very strcng, w ~ vireaic, 
ws s weak strong, sb ^ shoulder, ba s broad strong, 
* frequencies taken from laser ilaman spectrum of the 
same compound. 
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2 tS 
2»0 
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2 t « 
Atsignawiit 
a* O-COOB b«Q<llBg o«p« 
a« C-COOa bonding o.p* 
a** C-(H beodiog o*p« 
a<* C-(B beodlog o.p. 
a«> C-C ring defortaatlco o«p. 
a<* C*C ring dtformtlon o.p« 
a* C-v ring dsforsMtion i*p« 
A* 280 • 290 
a* Q*C ring daforiBaticxi i *p . 
A« Wao • 235* 
670 a,T» A" h20 • 250 
690 3t» a** C-C riog dtforsiatlcn o*p« 
700 i f W A« 280 • «iao 
73? d,ir« a* 0-OB aym^trio Atr^toblag 
790 Qf'WB a* C-oa lysisatrlo atrotetiiQg 
800 sh a^ C<-H baodiQg o.p« 
S ^ J,9 a** 0*^ beodlQi o*p. 
9 ^ 7»bs a" 0-H b«iiillni o.p. 
970 3»« a« 0*B baodlog o«p« 
1(K)2 ^f8 a* 0*0 rlog breatblQg 
t070 B,ira a' C-H beoaing i«p. 
11t»0 2»a a' C«H bendUng l*p« 
1150 3t» ***** ^'io • »>ao 
1160 tfV a* 0*B Osforaitlon i.p* 
ia70 B,bs a* C-H beoOisig l*p* 
1355 IfW A» 550 •798.6»>* 
1370 ib A» 6»*0 • 735 
1380 ab A* 2 X 690 
1390 ah A" 970 • k30 
11*00 8»a A** 11M) • 260 
%k05 ah A** 250 • 1150 
1U^35 2tW a* C<-^  ring atrttobiog 
IV50 2,« A« 1160 • 290 
HffiO IfW A" 825 • 6W> 
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I t V t 
1»w 
2 t t 
2,t 
2 f 8 
1 . * ' 
A' 2 X 739»39* 
a* C-C riof t tntol i l i i f 
A« 117»*.68' • 3*^ 
A« 735 • 790 
A« 735 • 82^ 
A» 2X 790 
a* C-C ring str^totiiag 
A** 790 • 800 
A" 800 • 825 
A» 800 • 827.08* 
a* C»C ring sti^tohing 
A» 2 X 825 
A» 970 • 690 
&* C a 0 stretcbing 
a* C • 0 strttotiicig 
A* 900 • &)0 
A' 117*^.68* • 550 
A" 627.08' • 900 
A** 1^90 * 260 
A* 1»f35 • 3 ^ 
2 L CJ 









A« 2 X 117»^.68* 
4« 2 X 1262.56* 
A* 1639-2*** • 1002 
a' <2-a «tr«tot)lQi 
Sot«t Visual •stlsiat«8 of tim intenslti** baT« bMo 
lak«n ID tlit soaU 0 to 10. 
i .p* s lii*pl^«t o«p« « out*of-pIan«t s « ttrong* 
T8 « v«far strongy v « to«a)C| ws » w«iik atrong^ b » bvoadf 
vb » verjr broad* ah « 3l}0uld«r, TW •» vary %raalc» 
ba • broad atrong, 
<*> fretiuaoclaa ttiy^ ao £^c^ 1&B9W Bamm Mpaotruai of tba 
aiuRa eoapound* 
2 
M t t - ?tfr 
mmm^ vaa^yi m ^^l«l f |g Agtt 


































a<* Q-COOB bending o«p . 
a" C*OH bandlQg o«p . 
ft" C«-OB b«QdiQi o«p. 
a** 0-0 ring d@fcr@atio» o»p« 









































7 t V i 






3 t » 
2fWi 
ft* C-C ring dtforattt lco l .p« 
A«* 280 • 290 
a* C-C r ing dvfortaation l«p* 
a" C-0 ring d^foroation o . p . 
a* C*OH B3ftm»trXQ t t r t tob l i i g 
a* C->OH aymmtrle a t r t t cb ing 
A" 530 • 270 
a" C*a bending o . p . 
fttt CH bending o.p* 
A« 53»*.51* • 3 ^ 
a" 0*B bAQding o*p* 
a** C-li baodiog o«p» 
a* C*C ring breatblng 
a' C*H baodiog i*p* 
a* 0-B d«farr^tion i.p« 
A* 530 • 654.§7* 
a* G-H banding i*p« 
a * C-B banding i p^* 
a* C-K bending i*p* 
A» 2 E 256.67* 
a* C-C ring stratobing 
A" 1030 •W7* • 3M) 
A« 53^.51* • 851.M* 
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5fV» 








A» 760 • 660 
* • 660 • 772.53* 
a* C-c ring strfttebing 
A« 700 • 760 
A" 700 • 772.53* 
a* C*0 ring stratoblng 
A" 53^.51* • 962.26* 
A*» ^ 6 . 6 7 * • 650 
A» 2 X 760 
A" 1250 • 290 
A» 1030.^7* • 53»*'.5l* 
A* C«C ring atratobiog 
A» 1090 • 530 
a* C-C riog atr«teblQg 
A« 990 '1^  660 
A" 962.76* • 700 
A" 700 • 965 
A" 705.3^* • 962.26* 
A« C » 0 ftr«tebliig 


























A» 850 • 870 
A* 7<>$,sf • 1030A7* 
A*» 760 • 996 
A« 996 • 772.53* 
A** 850 • 1090 
A' 2 X 990 
A' 109^.39* • 1250 
A* 2 X 1295 
A» 1160 • 1M*.5 
A* 1325 • lMf5 
a* C-H stretobiog 
a* C«H stretobliig 
2 i w 
|fot«t Visual •stiiaatat of tOo lot«Q3itl«8 bavt b«9n 
talc«n in tba seal* 0 to 10* 
l.p» n in>plans» o«p. « out*fof-planSf s « strong, 
TS « vsrir strong, w » w«alC| ws • wssic strong, 
«b • tfsak broad, sh « nbouldsr, bs « broad strong* 
* frs^iusnoiss tjcsn froi UA99r Hassan apsotrun of tbs 
saiat ooopound* 
in tbt plmw of btoat«M rlogf tb« aol«ouX« btnsolo acid 
voald belong to Oar po^t group* lb* tblttf fUDdaMOtal 
vltoratioos of bensAO* aad«r O^ v poiot •ywMtry aay bo 
dlYldod in to 
1tai(i«r.B»p) • lObad.r. Rtdp} •*> 3a2(a«dp) 
• 6b^  ( i .r , a» dp). 
ifber« p « polarlaod 
dp « d«poIarisod 
E « Bateau (aotlvo) 
l .r* « infirared (aotlve) 
Apart fro» tblrty noraaX aodea of vibrations of baoaanoy 
tbaro Mill alao ba soaa mora fandoaaotal laodoa of vibra-
tiooa dua to tba aubaitotant -COOB* 
fba coopoonda pbtbaUo aoid and aalieylio aoid ara 
di-aubatitutad baosanaa. In ^tballo aoidf tvo bydrofan 
atOM in 1- and 2- poaitiona ara raplaoad by •CODB and 
-COOH groupa ^araaa io aalloylio aoid two bydrogan atoaa 
in 1* and 2* poaitiona ara raplaoad by •COOS and-OH 
groitpa. Tba oospounda pbtbalio aoid and aalioylio aoid 
baia baan eooaidarad undar 0* point ayanatry by aaauaing 
aaeb of tba -COOB and -OB groupa aa point aaaaaaa and 
lying in tba plana of bansana ring* la Gg point group 
tbara ara tvo typaa of probabla •ibratiooa» nanalyt *' <^ ^ 
a»* Vibrationa a* ara totally aynn«trio and giva riaa 
2 
to polaristd Hanan UDM ID t)a$ Huwo speotni«t tfb«r««» 
«<• vtbratlOQs ar« •nti-tymttrio and glTt ri»« to dt-
poIarls«d Haoau linat in tbt BaMao sptotrua* In addition 
to the tblirtjf fUndamntaX vlbratlooa of banz«n«t soot 
taoro Aandantntal vlbratlooa baXonglng to tba intornal 
vibration* of tb* subttitutanta •COOB and -OB lAXX aiao 
ba Ql>8atvad in i^tbalio and aaiieyXio aoidi* 
Xba aaaignoanta of tba fuodaaantaX fraquoooies of 
bansoio aoidy pbtbaXic aeid and aaXioyXio aoid bava baan 
aada on tb« baaia of tba Xaaar HaiSEua fraquaooiaa of tba 
aasa ooa^ ounda and on tba oc^ariaon vitb tbosa of aiaiXar 
oompotnda* 2b addltlont aaalatance baa aXao bean t^an 
froB tba intensity ooosidaration of tbe infrared and Xaser 
Banan banda of tbeae ooi^ounds. 
Tbe preaenoe of aronatie ring atraoture in aroaatio 
oo^ pounda ia detected eaaily by a aeriea of vibrationaX 
bands* Ibeae are due to eaii>on-oarbon ring atretobing 
ttodea and ia tbe aiogXe ring oo^ poonda six frequencies 
are otoserved* Xbase six ring stretobing frequencies are 
derived fros ejg 0596), e^ „ ( 1 ^ ) t bj^ 0310) and 
*1g (992) aedea of benaene* Five of tbeae beve Magnitudes 
lying in tbe region 1350 - 1630 wT^ wbiU tbe sixtb bas 
2i" 
& «aob loMr mftfiiltttd*. fbi» XQIMIY frequnney i t usaaXljr 
attrlbotta to tb« *riiig l>r««tbifif • •Ibraticn. Nod** 
*2f (1596)t a^ Q (1^35) art doubljr d«g«Qorat« nbU* 
^aa "^(31) ^<^ *1g (^2) ar« oofi-(i«g«ii*rat«, Za tlit 
pr«a*ot ImraatifatiOB tba lofrarad toaoda 1320, 1M»8, 
1^0» t600 and 16M) oa*'^  bava bato aaalgoad to tl)« oarboo-
oarbOB ring atratobiog vlbratlooa and oorraspond to tba 
^2a (^ '^Ot •la < 1 ^ ) and •^g (IS'96) aodaa of banxaiia for 
Ijansole aoid* Tba iafrarad fra^usnoiaa 1320, 1M»8» 1600 
aod 16M) 08*^ af« oorralated trltb tba lasai* aaaaa tP9q'^ 
tttnolas 1322.B3, 1M«-2»S3, 160^*^ and 1633*61 raapaotlvaljr 
for tba sataa ooa^ ound* Ibfrsrad fraq^ uanoiF 1W90 oa*^  ooald 
not be oorralatad vltb Ita Bman fraquaoQjr. Sba ring 
braatbii^ ftraquanojr In tba iofrarad apaotrua of banaoie 
aold ia aaaignad at 1020 oa*^. Hn tba lasar Ramm apaotma 
of banaoio aold, tbia fraqiienoy ia aaaignad at 1027*70 ea*V 
2h pbtbalio aoid tba ring atratobing vibrationa ara 
idaotifiad at 1^ 3!>f 1^0, 1532 and ^6!kO oa*^  la tba 
infrarad apaotrua and oorraapond to tba aodaa a^ ^ (1^35) 
and ajg (1596). Corraaponding to tbaaa aodaa, tba aaaaa 
fratttOMUa taata baan IdanUflad at lW26.57f> 1*«9$*35t 
1589.M and 1639*2^ oa*'' in tba laaar fUaan apaotrua of 
tbia oo^ pouad* Iba C*C ring atratobing fraquanqjr for tba 
aoda b^ u (131O) i t aaaignad at 1303*^ oa*^  in tba laaar 
Baaaa apaotrua. HB tba infrarad aptotrua tbia fraqMoaar 
2i 
oould Dot \m cftmerfrnd* fb« riog brvatblng frtqatoor 
for this ooapouod is aaalgntd at 1002 QWT^ lo tti* lnfrar«d 
spaotran and i« corr«l< t^«d tfitb tbt las«r Hasjao fr«qu«iioi]f 
1005.39 c«"^-
Hw earboi^ -oarboo ring atrtteblng fr«queiiol«« lo 
aalloylle aoM art assigned at 1325t lMf5t 1)^5f 1580 
and 1630 es*^ and oonr«spond to tb« baoztii* model b^ (1310), 
•til <1*^ and •2g <1596}. Xbo scattered oouotorpart of 
tbo Infrared frequenoiee 1325f 1*»85» 15@0 and I630 oa*^  
are dbaerved at 132> .^72, 1t»^ 72.65» I5d2*29 and 163^.75 oa*^  
in t he laser Baoan speotrua of saliojrlio acid* It was 
not p<»sihle to oorreiate the infrared frequenoy 1M»5 oa*^  
with laser Baoan frequenor* The ring breathing frequency 
i s identified at 1030 cwT^ in the infrared speotrua and 
at 1030,li7 ca*'' in the iaser Basan speotram of this compound 
and hence correspond to a^ g (992) raode of hensene* 
the C*H stretching frequen^ i^es are derived froa 
ftig (3062), eiu (3080), bin (3060)and e2g (30^7) aodes 
of beosene. MPdes eiu (308O) and Sag (30^7) ere doiiibljf 
degenerate* ainoe the aolecule benaoio acid i s aono-
substituted bensene* i#s eipeet for the five O-B stre* 
tching frequencies in the frequency region 3000 • 3100 ca"^* 
The reaaining frequency will depend upon the aass and 
2 
n«tiir« of tbt substitutot. Out of fiv« C»H ttntoblnf 
fi««a«Qel«St oci2jr tvo lofrar«d ff«qtt«cioi«i 3000 and 
3070 OB*^  tiave beeo ideiitlfWd. 1%M« am oorr«lat«d 
vltb tH* iiaoaa frequaocUs 3007*62 and 3068,59 ca*'' 
reap«otlv«2y for the tast sod»t obsorvtdi in tbe laatr 
Baotn apcotrus of benzole aoldi* 
fli« nolttoaU pbtbaXio aold i s di*sub8titit«d 
beoseot. 3!bef«for« foar 0-U ativtoblog frequtaolva wlXl 
b« Qibiidrved* On3jr QQ« fr«qia«Q03r 3OIO oa*^  la ai>««fT«d 
ID tb@ iDfrarod spaetraa for U*E stretoblng vibration, 
lis tb@ laser HaiSiiD sptotroa* tbro* Hamas bands 3020.3>i-» 
3030.13 and 3083.63 ca*^ art Observod for C-H stretobiog 
irlbratiOQS* Ibfrarod fraqusnqy 3010 oiT^ is oerrelatod 
witb tbs lassr Eaaao frsqiisoejr 3020.3^ oa*'' • 
XB tbs iofrarsd spsotrua of saitoylio aoid t4iiob i s 
also a di-subatitotsd bsnssns, tbs 0-B strstebing frsqusooiss 
ars ooDsidsrsd at 3000 and 3070 oa*''. Xbsir fiaaan eoaotsro 
parts ars taksn at 3015»33 vaA 3073»73 ea*^ in tbs lassr 
Raaan spsotrua of tbs saas eoapoond* Zbs otbsr lassr 
Baata frsqusoeiss ars obssrvsd at 3055*7^ and 3085*00 oa*^ 
for O-B strstobiof frsqusnoiss* 
ff-B mmim mwA 
Ills C-B out-of-plans bsndiog frsqusnoiss appsar in 
tbs rsfioo 750 - 1000 ea*^* Tbsss ars dsrivsd froa 
2 
*2a t995)f •20 9^75 )f •ig (»»9) and a2tt ^^ 7^ > "«*•• 
Of teostisa and art obaraot«ri«tio of tli« position of 
tte folistitutiit (5)« Xli* 0*B oiit-of»plaa« b«ndiog 
vibrations liavc b««n studied l^ various wozit«rs <6*8)« 
Zo light of tbsae t\m froqueocitt 8^8, 930, 975 aad 
9B5 oeT* (^ervod in the infrared apootruo of t»«Qzoio 
aoid ara assigoad to C-B out-of •plana baodiog vibrations. 
Hci tba laaar Mmm spaotrun of this compound 1 tba iiaoan 
fraquimeias for tba aaoa laodas are obaorvad at 35^*00 and 
938*00 caT^ mad oorralatad yitb tba iofrarad fraquanoias 
^18 and 930 08*"^  raapactiva3^* tba otter infrarad fre-
quaooias for tbasa aodaa could not ba oorralatad witb tba 
lasar ilaoan fraquaocias* 
^ a 3-a out-of«pldiia banding vibrations for pbtbalio 
oioid ara oonsidarad at 800, 325 » 900 and 970 ca*^ in tba 
infrarad spaotrua* T^ assignaant of tba infrarad ffquBO" 
oias 825t 9^ <And 970 oa"'' i s furtbsr supportad bjr tbair 
soattarad oountarpart obs«rvad at 827•03, 89W>«69 and 
965*5t ea"^ in tba laser iiaaan spaotrun of tba aasia 
eoapouad* 
Zb tba infrarad spaotrutt of salicylio acid, tba 
0-H out«of«plana banding fraqusneias ara assigotd at 850, 
870, 965 and 990 ea*^* 2b tba l«sar HaoMn spaetrua, 
tbaaa vibrations ara obsarvad at 851 A l , 875*^3, 962.76 
IJ 
and 996.00 otf*'' for tii« saM aodM. 
fl3» six C»B iR-plan* bttoding vibratloDs ar« Obtaiotd 
fpoa aag (13> 0^), b2u (11!?2), tgg (1178) and a^ ^ (1037) 
aodea of betiMM aod ar« observad in tba frag^ uaooy ragiOD 
batwaaB 1000 - 130O oa*^ » Xast two nodaa ara doubly 
daganarata. Da moao-aubatltutad beozaoa only flva C-H 
io^piana banding vibrations wharaaa in di-aubstitutad 
bansana four C-B in*plaaa banding iribrationa ara obaarvad 
and tba raoalning iribration/vibrationa oorraapond to 
tba banding «odaa of tba aiOistitttTOt/aabatituanta. Zn 
banzoio aoid tba 0*fi in-plana bonding vibrations ara 
assignad at 1060, 1090» 1122, 117«» and 1283 om*^  ta tba 
infrarad apaotrus* fba infrarad fraquanoiaa 1122, 1170 
and 1170 ara oorralatad witb tba Haiaan fraqaanoias 
1112*13f 1160.25 and 1289A2 QWT'^ <«aarvad in tba Uaw 
Baaan apactrua of tba 9SM§ oospound. 
Zb pbtbalio aeid, 0019 tbraa C*B in-plana banding 
fraqaanoias bava baan aseignad in tba infrarad apactrua 
at 1070» 11^ and 1270 e«*''« ta tba lasar Baaan spaotrua 
tba fraquanoias of tbasa aodas ara obsarvad at 11^2*67 and 
1262*56 aa***^  onlj. tba laaar Baaan fraquaneias 11^2«67 
and 1262*56 ea"^ provida prepar aupport for tba assignad 
infrarad fraqaanoiaa 11>f6 and 1270 oa*^ « Xba otbar 
infrartd fraquanay eould not ba oorralatad vitb tba 
BaiSftD Qouottrpftit. 
C«H iQ-plao* t>«ndlQC YlbraUoai or* tak«o at 
1090» 1210, 1290 and 1295 on*'' In tb« liifrar«a tpvotrua 
of salioyllo acid. Baaan fraquaoolta for tba tas* iBOd«« 
ai« o|)3»rv«d at 10^«39, 1211*77 and 1^7.^3 on*'* in 
* 
tba laser Raman speotrun of 8aXl<^Iio aold* Basan fr«-
queneles bsvo t}«an oorr«lat«d tdtb tba lafrarad frtquanclaa 
•1 .I 
1090f 1210 and 1250 cm • Znfrarad fraaaanojr 1295 em * 
oould not b« eorralatad wltb Its Haaan fraquanoy* 
Xb« oarboo-earboo ring doforsatlon vibrations ora 
darlvad fros •2g C^^)t ^2$ ^^03) and ag^ 0^ 0^ ) siodaa 
of banzent* b^e Xaat two modea glva rise to oai^ bon oat-
of*pIana deforauitlon vibrations ^baraaa aoda m2g ^^06) glva 
rlia to oarboo In-plant dafortaatlon vlbratlona* 
7ba soda •211 0*0V) wbleb la doabljF daganarata apXlta 
Into two ooapontntt t»dar raduoad ayamttrir* Howtvar, 
infrarad fraquanolaa ^ and k90 ooi*^  obaarvad In banaoio 
aold ara eanaldorad tba tvo apUt oon^ontnts of oarboo 
o)at-ef*plana dtfaraatlen soda #20 ^*^)« ^ ^ * lasor 
Raaan apaetrii* of tbla oo^ound only osa fraquanoy 
^20*56 oa*^ was tili§9rw9d^ for tbla moda wblob la oorralatfd 
vltb tba tippar oo^ponant of Infrarad fraquanoy kao eai* .^ 
2r 
In pbtbalio acid tbeat tvo oonpomott of •2u (^ O^ )^ 
aod« iur« ld«ntin«d at JM) and ^20 oa"'' for oarboii out* 
of •plana dtforoatloa viDrationt, m tbt lasar Baaan 
sptetrua of tbla coi^oundi tha two ooa^onanta of tbia 
aoda tfara not obaorvad. HoMvart a Baoan band >f37.67 oa*1 
ia obsarvad and ua bava oonaldarad tbia band tba appar 
ooapooant of 020 (M^) acxSa and th^vtotn eorralatad vitb 
tba iafrarad fraquanojf ^^.6? oa""** 
JXk aalieyXlo add tba oarbon ottt»of-plana banding 
vlbratlona ara aaalgnad at JM) and J^O ea*'' in tba infrarad 
apaotma* Ikk tba laaar &iBan spaetrua of tbia oo^ound 
tba onljf obaanrad fraquanoy for tba aoda %^ 0»0 )^ ia 
U>36«7d oa"''* yja bava oonaiderad tbia Banan fraquanoy tba 
uppar ooi|>onant of m^ (h(h) aoda and oorralatad vitb tba 
InfraTad fraquanoy ^36.78 oa*^. 
Sba carbon in-piana daforaation vibrationa ara 
darivad froa ajg (^6) aoda of bansana* Sbia aoda i» 
alao donbiy daganarata and aplita up into tvo ooaponanta 
undar tba raduaad ayaaatrias. mfrarad fraquanoiaa 5 ^ 
and 660 aa*'' ara aaaiaad tba tvo vibrationa in banacio 
aoid for tbia aoda. Ibfrarad fraquanoy 660 oa*^ ia 
eorralatad vitb tba aaaan fraquanoy 656.00 oa*'*» Iba 
otbar infrarad fraquanoy eould not ba corral;^tad vitb 
i t s Kaaaa oountarpart. 
'^tM infr«r9d IVcqutooiM 550 aa4 6 ^ oa"'' tibttrvtd 
lo tti« lnf!rar«<t tptotrua of t>«osalo acid ar« oontlditrtd 
tti« eatboo In-pXaot baoding Ylbratloiia aXongwltb ttoalr 
seat tared oouotarparta In tba laaer Haaan apaotrus of 
tba GO^ o^uod otoaarvad at 5^*10 and 6^3*35 ovT • 
fi» aalioyUo aold tba iofrarad fraquaoolat for tba 
cBOte a2g (606) ara aaslgoad at 530 and 660 oa"^ aa tbo 
oarbon in^plana banding vlbratlooa* tblt aaaigniaant la 
furtbar auppertad by tba Haaan fraquanolaa 53^*51 aod 
656*67 09*^ < a^arvad In tba Xaaar Haaan apaotrua of 
aalloyllo aold* 
^raovert tba earbon oat*of«plaoa banding fraquenoy 
tfblob corraapood to b2g (703) s»d« of bansana lo IdontlfLad 
at 708 o«*\ 690 oa*^  aind 700 oa*^ lo tba Infrarad spaotrua 
of banaolo aeldt pbtbaXlo aold and aaXlojrllo aold raspae* 
tlTaljr* Owraapondlng Baaan fraqoanolaa bbaarvad In tba 
laaar Basaan apaotma of banaolo aoldf pbtballc aold and 
aall«3rUe aold ara Idaotlflad at 710*00 ca***, 69^ *^ 1 ea*^ 
and 705*35 en*^ raapaotlYoljr. 
A rlgoroua atudy of o • 0 atratcblng fraquanoy baa 
baas aada by aavaral wei^ra (9-1^)* In aoatopbanona (9) 
C • 0 atratoblng fraquaaoy la c^aarved at 1687 ea*'' wbaraaa 
la 0*1 a» and p* aalnobanaaldabydaa (10) tbl? fraquaocy 
2 .<: ;> 
bmt b««s Idtatifltd at 1653 e«*S 1685 ewT^ and 
1688 ea* r«ip«ctlY«]jr. d» hmf IdAOtiritd th« Q « o 
strutcning fr«gu«iio]r at 1660 on"'' io sadi of tli« infrared 
sptotrua of baosolc aold, pbtb^lio aoid and sciUoyllo 
aold* In tti« ImwT Baman 8p«otra of tboti* ooapounda, 
C « C stretoblog frtqutoejr oould cot be obasrvcd. Hagnl* 
tad«s of tblg frtquvnoy In soaa substltutsd bensenta art 
given in tbo Table V.7* 
g « 0 gy»iggff^ fmmmi 
ISolecttle Ground State Fre^ uenojr 
Aoetc^benone (9) 168? 
o s^^ ainobenaaldebyde (10) « 1653 
a-Aoinobenaaldebrde (10) I68|r 
p^^aineibeMaidebyde (10) 1688 
9«^itteroaeetopbenone (11) 1680 
e-IodQ)b«asaldebjrde (12) 1668 
a^ XOdobensaldebyde (12) 1700 
9-IodobensaXdebjrde (12) 1698 
p«Bensoquiaoae (13) 1686 
2«6-SideaterebeBsoqttinone (13) 1671 
2,6-01ebloretoenio«uinone (13) 1700 
2. 
T«bl« ?•? oontd< 
2t6*l3!lb7oa!Otoeiuo«ulQaD« (tj) 168? 
2«^Dlotilo^oii}«Bsa]4«)^ d« (lU^ ) 1715 
3f^ Dioblorot>«Q2aXdeiiyd9 (1^) 1695 
ff-ffl[ §y?«xftig # i % i « M rmtfM,g| 
^ « 0 )^B symsttrio atretobliig frttuvaoy baa b«tQ 
9titdi»d liy maoty vorluirs (15*l6>« Eoblrauiob •t al* (15) 
baiw r«port9d tbi« fr«qaenoy at 768 oa'^t 7U6 oa*^  aad 
829 oaT for o-« a-> and p* dlbydroxybeosse** Slwarl (1^) 
has iodeQtifi«d this frequanoy at 8 ^ es"^ for o-fluoro-
ptiaool* In Ugbt of tbasa, wa baira aaslgoad 0>GB stratobing 
fraqaanoy at 795 oa'*^  In tba infrarad abaorption apaotrua 
of baiaolo aold* ^bia aaalgooant find propar aupport 
froa i t a Haaan eountaipat obaarvad in tba laaar Baaan 
apaotrua of banaoio aoid at 795*27 oa"^ « 
In pbtbaXio aeid* tba C»OB ayaaatrio atratobiog fraquanay 
ia idantifiad at 735 tnd 790 oa* • fbaaa ara oorraiatad 
vitb tba aaaan fraquaneiaa 739*39 «nd 79&*&* oa*'* obaarvad 
in tba laaar Baaan apaotrua of tba aaaa ooapound* iiiailarly» 
tba 0-OB ayaaatrio atratobiog fraquMoy in aaUoylie aoid 
ia aaaignad at 760 and 785 oa*''. In tba laaar Baaan apaotrua 
of aalioylio aoid, only ona O-OB ayaaatrio atratobing 
fr«qu«Deir b«a bMn dbg«rv«<t at 772,53 oa*^* Tbis Kami 
fraquaooy 772«53 ea*'' i t oorralatad with tb« Infrarad 
fraqiiiasejr 76o c«*^ » 
i^i« OOH ottt-ofoplan* bending vlbratioo in tba infrarad 
apeotroa of bansoio acid ia aaaignad at 270 os"^. In tba 
laatr Eaaan apaotrua, thlt fraquancjr baa not baan obaarvad* 
XD pbthalio aeid tba C-OH oat-of*plana banding 
vibrationa ara idantlfiad at 280 and 290 ea*''. b^a fiaaan 
ooobtafparta of tbaaa fraquaneiaa oould not ba aaaignad 
for tba aaaa aolacula. 
Itatrsir^d fraquanoiaa in aalioyiio aoid ara taltan 
at 280 and 290 ea*'' for C-OH out-of-plana banding vibrations* 
Wa bava observad a Raaan Araquanojr in tba laaar Baaan 
apaotrua of aalieyXie acid at SS7*7^ oa*'' and ia oorralatad 
witb tba infrarad firaquaney 280 ea*'* for tba aaaa aoda 
of vibration. Tba aaaignaant of tba C-OB out-of-plana 
banding vibration baa alao baan dona bj Tripatbi (17) 
fba 0-R in-plana daforaation vibration baa baan vail 
atttdiad bjr aavaral iroikara (18-22) • b^a 0-H in-plana 
daforaation in tba infrarad abaorption apaotrua of bansoio 
aeid is assigned at 1180 ea*'*. Tbis fraquancgr i s oorra-
latad vitb Baaan fraquanox 1179*28 oa*'* in tba lasar Baaan 
2< KJ 
•ptetriui of tti« saa* ooi^ ouiid* 
In pbthallo add and aaXloyllo aoidf 0*B io-plana 
deforaatloQ vibration la aaslgntd at 1160 ca"^ aod 
1160 ea*^ rtapaetivaljr in tlia iafrartd cpaotTa of tbaaa 
cooipounds. fbair Baaao oountarparta obatrvtd In tlia 
Xaaar Eaman spaQtma ar« 117^.68 and 1153«61 ca~^ raa-
paotivaV* ^gnltudat of tbis Araquaooy io soat subati* 
tntod phenols are glvan in tba Tabla ?«8. 
fABig»y.^ 
0.8 P - F L ^ Cf^ C^^ TIOH 7IBRA7IC1I 
Holaottla 
2 t > mcbloropbtnol (19) 
2 t ^ OlcbloropbtnoX (19) 
2t$* l2iebXor^b«ool (19) 
2»6» Diebloropbanol (l6) 
3 » ^ IJlebloropbeneX (18) 
3»$» Oioblerepbanol (16) 
2 f3 t^ Triebloropbanol (22) 
2,3,6- Xrieblorpbanol (22) 
3,5- Qiobloropbanol (21) 
2t*^ iiibroaopbtnoX (20) 
2,6- DibroaepbanoX (20) 














Tkt9 infrared rr«qu«ooi]r 260 cwr^ la aasigned as G-COOB 
oat-of'^Xftdt landing vltnratioo io twea^lo sold* 3be 
C*wOOH out<K»f«>p'UQ« t}«ndlQg vibratlcns are Identified in 
tb« infrared speotrua of pbtbalie aeid at 250 and 260 es* • 
Infrared frequency 250 em"^ is correlated Mltb tbe laser 
Haisan frequency ^35*00 om"^, Xn $^1107lie &oid« tlie 
infrared frequency for C-OOQH out-of-piane bending is 
considered at 270 eia"^  ^diereas in liiser Q&aaM spectrua 
i t is identified at 2^0.^l 
Otber vibrations are assigned interns of overtones 
and cOBbinaticsis of tbe fimdamentai iribraticMos* 
Correlations of fundaa^ental MB9g Ijaoan and infrared 
frequencies of benaoie acid, pbtbalic add and ealioylie 
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2.J/ 
fim •ibratioDal iptetra of pbteol and U« Isotoplo 
aoaXogfliic* (Od ana OH ; twm %e«o «•!! dtadl«d <1« )^* 
Evana (1) iiaa atudiad tba iofrarad apaotros of pbanol 
aoa praaaota4 tiie YlbaratlGQal aoaljraia lOafitlfyiiig tbo 
ftiDdastaotala aad tkialr aodaa of viHratiooa* ftm oltra* 
•iolat ahBor&%i(m spaotram of pbanol tiaa baao atadlad tiy 
Oioabiarg at al (5>« Bafflao spaotra of o»p »> and 9* 
dlbjrdrojQrbaosaao baa ^aeo iavaatigatad In tim Uqjold 
pliaaa 1^ Sotilraaaeb at al* (6) ubaraaa Baok (7) baa rap<»ptad 
tba oaar altravlolat abaorptlos apaotra of o-» a- aod p* 
dlhydr^orbaoaaoa* Salogao/balogana aubatltutad pbeooXa 
baint alao beeo studiod Igr aavaral wofiiara raaaQtljrCS^^ I^O). 
?afadarajaii ot ml (9) bava atudlad tba lofi^arad apaotra 
of 2«6*t 3 , ^ mod 3»$* dlbjrdroxjrpbanola and tbair d«ttara-
tad analofoaaa* Safrarad apaotra of eataoboX aod raaorel* 
Qol ba^ a baao vaU atudlod bjr aidalio at aX* (It) and 
ULlaoD (12). Xo aaob apaatra atiadiaa bava baao d^o for 
pyrogaUol Mbiob ia a tri-brdroijrbaBxaBo* Xbaraf oro, tba 
oaad waa faXt to raoord tba iofrarad abaoi^tioii apaotnia 
of pjrregalleX and aaa tba affaet of ooa •oro 'OB froop 
to tba ditajfdrosybaQsaM* 
2oo 
Tbt oHeadftftl it*«<t i s tli« pr«fl«iit iflnr«stig«Uoii via 
waa stated to bt of vox^ r iilib purity ana Halloa ima usad 
yItbOQt tntttmv ptt7ifloatl(H}« 
3t}a iQfrarad abaotptioQ apaotrua <»f pyvogallol ic 
tha IB? paUot iraa raoa?dad la tba ragloo ^0» MXX) oai"^  
08 a larlEio Elaar doabla baas gfatieg IsTrarad apaotra-
pbetosatar (MadaX 521 > uB^ar blgb vasolutlon* aoaa tina 
vaa 32 alniitaa and tba fra^uacoir accuraoir ± 2 oa*^ * Tba 
fraqaaoolaa vam eaUbratad by iba ataodaxd s&baorptloo of 
polyatyratM film of tbleluiaaa 0.0$ «»• Tba ray dlagrafi 
of iofrarad apaotropbotoaatar osad id tba praaant ttoi^ 
la daaorlbad i s datall in tba €liaptar X* Sba lafvarad 
abaoTptioa apaetma of pyrogaUoX la abotm I s tba Fig* VI . 1* 
[JlilllFfrW 
Xo tba iBfrarad abaorptleo apaetraa of pyfogallaXt 
73 baada bava baaa obaarrad la tba fraquaaay ranga 
batwaaa 250 • hOOO an*''* Ibaaa Iofrarad baada ara atroag 
aod vaij atraaila lataoalty vbaraaa tba ctbara ara tiaak 
aad vaak atroog. Soaa aboiildara bava alaa baaa diaarvad* 
Tba latanaltlaa of tba obaarvad Iofrarad baada bava baaa 
aatlaatad TlauaXlor la tba aaala 0 to 10. Aaalgoaaat of 
Iofrarad fraqoaoolaa aXangwltb tbalr lotaoaltlta to 
Yarlaaa aoraaX aodaa of Ylbratlaoa ara glvao la tba 
WAVCLCMTH (MCftOMS) 
^ i 
Pig, VI. 1 Infrared Absorption Spectrum of P3rrogallol 
i n KBr P e l l e t . 
tflffiu iyia AHA urn] 
'3*t??r«ni;i#'*iT<^*'^ 
•fteb of til* tlur«t lv<lrog«ii atoat In tli« positlooa 1«« 
2- and 5* of tli9 teasoot r iof la raplaead bjr -01 group* 
4a an appraKiaati<8i9 wa tmy ataua* aaeb of tba •OB groiipa 
to b«baira aa a aiogXa aaaa pdat aod H^a i s tba plaaa 
of tbo baaseoa rlcig» tba aolacala pyroiallol woold 1>aloiif 
to tba polat group C v^* ^ ^ ^ ^ ttoirtjr ooriaaX oodiaa of 
vibratiOQa of hva9»tm oan ba ditridad loto 11$ at tjrpai 
3t a2 tjrpai lOt b^ tjrpa aod 6, II2 tjrpa aodat of irtbratloaa 
andar G29 point syaaatvy. la additioa to tbasa t b i r ^ 
fUBdaatBtai vibratiooa tbara woaXd ba aoaa aora fuodaaoiitai 
vibratioQa ^ a to iatarnal vibratiooa of tba aabatitaaota* 
Xba assigoaant of tba fUadaaootaX fra^uaaeiaa bava baaa 
atda 00 tba baaia of ooi^ariam witb tboaa of aiai iar 
aolaaalaa. iitlp baa alio baan takaa froa tba iotaaaity 
eoaaidaratioa of tba abiiarvad iofrarad fra^uaoeiaa. 
Sba C*B atratabiag fraquaaoiaa afa darivad fro« 
»1g (3062), aia (3080)» bia <3060) and Oj , (30H7) aodaa 
of banaaaa* Nedat am (3080) aad a2g (30V7) afa deubljr 












































H H I M U H I I 
AaaifQaaAt 
1^ 1 0*CIB tMOdii^ o*p* 
bt 0«>0 daf oraatlcMii o.p* 
b| 0»C ctof orsatioti o»9* 
A^ 2 X 255 





















































^ 5 ^375 
C*0 d«fcv«aifclon i * p . 
C-0 d»fo«aatloii o«p* 
G*OB ayaattf ia atr««oiiiOi 
**20 • 375 
b2/b^ C-»fi Iwadiog o«p* 
l»1 C-B boBdliig o.p* 











l»20 • 535 
r ing 1»r«aibliig 
0*8 bradiog i»p* 
0-a d«foniAtioft 1*9* 
0-a teiKliiig i * f» 
C*a Dtndaog l«p« 
C->0 ring strcteliliig 
2 X715 
0*0 dug ttrttoli lBg 








1 6 ^ 
1650 
1660 






























































C*C ilos ttMtehliig 
1000 • 535 
0*0 rlof •tMtcblDi 
C-0 flog 9tr9tehUi§ 
2 X 325 
12M) • V20 
1000 • 670 
1155 • 535 
9V5 ^760 
1000 • 715 
2 X 8 7 0 
1000 • 92$ 
1060 • 825 
1060 • 870 
1060 • 925 
2 X 1000 
925 • 1155 
9^5 • 1190 
1000 • iaM> 
1l»00 • 1060 
12M) • IMM) 






















A| 2 Jl ^ kBo 
A^ tkOO • 1580 
«^ C*8 i tMtablOf 
«t C*B t t r t t e l i i i i i 
hi 2X I6a0 
B^ 3130 • 375 
A) 0*B StVttoblllf 
t ^ t n in tlm teal * 0 to 10* 
l »p* « |j|«p2aDO» 0«p* a OUt-Of*pX^EI«9 
s m ctroQii • • » vofy •trongy v v tfoakt 
tf« • Muk ttronct ^a « broad atroqf» w « vof7 woakf 
fib s st}oal4tr* 
24 
obmrwd in tbt frtqa«o«jr rani* 3OOO - 3100 oiT^* Jn tlit 
lfifr«r«il abaoiption fptetrua of pjrrofaUol vtdoii i t « 
t f l * sKbatitttttA 6«BS«M9 tUrt* C-8 t trt toi i lsi fi«qutiiei«« 
• M •xp«et«A to a r i M uliil* tbt r««aiaiiic f^qutoolM wlU 
(ItiNiod tipoB tli« M M and natavt of tbo wbstUaoatt* Out 
of tboto* wo Havo idontlfiod tvo G»B t t rot^log froquooeioo 
at 3030 and ItOO e«*)* flio ttairA 0*S stfotolsiBS l^ qttaosM^ jr 
oooM ix>t tio €i^ 8ervo<l io tbo Infrarod spootms of tbo 
QOi^ ouad vm^v study* 
Sbo C*B oiit»of•piano boodli^ froquooolod appoar I0 
tbe regiott 750 • 1000 o***** fbo six C*B otit*of-piaxio 
b@o^ iQg treqt3enoij»s sr« ct»tai»od Cvo& h^ (995)§ ^aa ^9^)» 
«tg ( ^ ) iii^ »2ti ^^?3^ isodos of to«oz8iio. Xtw aoXeoulo 
uoder imroatigatloii in tri-suli^titatod btnaoeo* l^eroforot 
tbroo Q-E ottt-of-fiano bondicg fro^itooeioa niXl I M otoiorved* 
Bowavor» m bnfo ^aoTvtd tbeao ffoqiiofioioa at 875t ^70 and 
925 9sr'^m @io asslfBatiit of tistoo fro^utaolot aro «ado 
1» tbo Ufbt of ottMT MOfkars (l^hlS)* 
Ilia C*l iii*9laiio boBdinf froqoo&oioa aro iSorivod 
froa aag CljM)}, b^ u (1l52)ff ^ai ('>^ '^ >^ "n^ ^ •itt ^''^37) and 
•1 
otoaarvad ia tHo froqaanoy Mgioo batvooii 1000 • 1390 ea • 
Xba laat two aodaa aro doubljr dotanarato vliaraaa f i ra t 
two iiodoa aro ooB-daiOBorato. m ojtpoot for tbroo C-H 
iB*I»laM baodiof Tibratioaa for pjrrofailel aod tlio roaaiaiiii 
2^j~ 
•ibratiOBa oomspQad to tb« b«Bdlog aodts of tho 
•ttbttltaoiit** 7r«4utncUt lOdOf t190 «ad laM) oit^ 
hm bttn eoiitldtrcd at O-B ia-piiiot boodlof TlbrAtlOM* 
SUt four o>^ r1>aii«>Qsir)»oii ttrotelsliif aodot of bonaono 
nmnoajft •2 i Cl596)» o^^ ( l ^ ^ ) , b ^ (131O) and a^g (992) 
glvo rlaa to aix o^rboo atratoblog vibratiooa in aiibati* 
tutad baoaaiiaa* »odaa •2g '^'^ 96> aaeS am <1i>65) ara 
doabljr dtgaoarata aiui apUt into ti«o ooaponaata ludar 
radaoad ayaaatfy. IJafraiad fraqaaooiaa Idao, I580f 1515 
€iod 1H8O ea*'' bava baaa aaalgoad aa oart>o»*earboii atrat<^» 
lo fra^uanolaa ^ iob eorraapond to ttia doubly dafanarata 
modaa aj^ (159^) osd a^^ <1)>d5)* fba O^G atrateblng 
fraqtHiQflar eorraapoodiog to a^g (992) sode t& aaalgaad at 
1(K>0 aa**^. fbia fra^uanay la aXao oaUad aa riog braatb* 
io fraqtiaaar* Aaiifaaant of ring braatbing fraquaney in aeaa 
otbar aubstitutad baaaanaa iif giTaa in tba labia 1*3 of tba 
Qiaptar Z. Horaorart fraguaaoy 1^0 owT^ ia aaaigaad aa 
C»0 ring atratebing fva^aanajr oorraapondiog to tba aoda 
*aa <^310). 
Zba riag daforaatioa vibrmtiona ura obtaioad froa 
•2g (^06), b ^ (703) and a2a (M>5) aodaa of baasana. 
Modaa a^g (606) «ad ajn (M>5) ara dobly daganarata* ma 
























vibratloQi wliiU c^ g (^^> <!•• riM to io^pUiM Hug 
d«foraaticB vlbratlflas. 
TlM doublj dftgtotriitt aod* 9 ^ (606) spUta into 
two eoapoMBta undvr tta« rcdiietd wymmttf 0^9* BoiitT«r» 
tb« two coa^oooots of tbit «odo ar« Mslgood at 53$ tti4 
670 o«*^ for lo-pXaiio rlag doforaation vibratioDa* 
nam Qiit«of-plii3a rliig dafoimmtiOB Hbratlona tiava 
baao Idaotlflad at 37$9 ^20 and 71$ oaT^ Stia tkvat two 
BKigaltttdaa comapood to tba dout»2/ dagaoarata aoda 
•an <^ *0^ ) wberaaa tba tttird ona eorraaponda to tba aoda 
^2g (703) of baosaoa* 
Iba 0»ii atratootiig fraauaneir t>aa baas raportad )qr 
aavarai woiicara (99 IO9 16)* in tba iofrarad abaorptioo 
study of 2t3« Olebloropbanoly 2$^ mobXorepbaael and 
2t5* J^ lobloropbanoXt airlY^atava (10) baa aaaigoad tba 
0*H atrateblag fraquaaay at 35^0 cs*H 3$^ e»"^ and 
3$Uo oaT^  faapaetlTaljr* la tba praaaot lovaatlgatioBf 
tba 0*H atratablog fra^anajr for pyroK«XleI baa baaa 
aaaigaad at 35M) a«*^ and banoa fiada propar aappert* 
Hagmtadaa of 0*a atratoblng fra%ttao«Qr ^^^•^rwA lo »mm 
otbar aabatltatad pbaaola ara aitad io tb« ZabXa VI .a* 
^tm MimiLtmin ^Tn i^uiiiiitt timd^Tum 
tba G'Oa. ajraaatria atrateblag fraquaeajr baa baaa 
2^: 
i«pQrt«4 ^ Konirctttob • ! «X. <6) In o- ditijrdroxjrbtiiMmt 
m- {SiliydrcsaqrbwiiMM iiad p- dlt^ droiiylMiiiwM at 768 oa*^, 
7**d e«*^ ana 329 o«*^ Msp«otlv«ljr. 2a tlMi prtstnt 
iiiTMtigtttioQ tbt OCe «yiffiattrlo stntebiiif frtqaancor i« 
MtigMd at 760 QwT^. flila fraquaooy is varjr atroDf in 
intwflty* 
y ^ i § vi^ igf 
o*fi sfMSOHiiia Fmy 
Molaeal* 
3»5* OleblGropbaool (16) 
296- oiQbXoropbuiiol (9) 
3,V- BlctsXoropboQol (9) 
395* aioblorophfiool (9) 
29 > £)leb;Lo70ptMifiol (10) 
29W Dlcbloropbaiiol (tO) 
295* Olfl^loxopbtiiol (10) 








3 ! ^ 
fba iafjrarad fratuaoay «iia«rvad at 255 o«*^ i t 
attrlbtttad to G-OH oat^ef^pIaBa teadlof vlbratioo* XB 
tba ilMuui apaatriM of »» naaroptoanoJL (tl* tba dapalailaad 
Baaaa fraquaaay 2M) ea*^ vaiy Ukalj rapfatanta tba OOK 
2 a > 
Tti« (Ml i»-pl«nt 4»foriBatlo» tf^timnoy b^ t»«tD 
rtporttd b/ Mir^ral woxittr* in balQgms sub«titat«d 
pbtQoU (9t10tl6*l8)« 2B tills stu^yt t3am CKB iB-plaM 
dvfornsitiofi fr«ta»Dcjr i s idsotifltd «t tl55 o**^  and i s 
supports^ hf tbess sarllsr vopksrs. liigoitadss of tbis 
frsqiisiiQjr cibssTvsd in SOMS bttXegsos su£bstitut«4 pbtnols 
ft7« giirso in tti9 f«ilii0 ?.3 of tbo Qiaptsr ?• 
Otbsr frsqusociss bavs bssn assifosd iatsras of 
ooabiBatloiis and ovtrtonss of tbs fuodaosotai frs^osnolss. 
2^r, 
t . isvmit, j , o . , Sp«etroobi«. Aota, l i» 1382 (i960)* 
2« Q7««9, J.B«S., jr* CUM. aoo., 2236 (1966). 
3« Unoliatt 3*f aa«b» 0. aod 3ftn«l« d«9 J* f ^ s * Ctita*» 
^ 2259 (1965)* 
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5* Olnsburgf 8* andl I^btirsct f »A*» J** Oti«a* ffear**t 12» 
167 (19*^5). 
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apcotry. CljB«tltut« of Pitrol«u«» lM)doii}t 1955* 
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w,^»ft > ni 
Qom.imtim hwm 
21) 
Ha this ebapt«r m are giving tbe eospariitlv* stadiy 
of molecular vlbr^tloot otostrv*d in tbt laser Hi^ sao and 
iofrar«d apeotra of lienzoie aoidt pbtbalio aoid and 
aalicurlic acid and infrared spactrun of pjrragallol and 
tim infrarad jijpaotra of o*3%tl^laoilioai {a»^tl}/laQlIina» 
B«!aithyl«inilina and di-matt^lanilina. Sbe ground atuta 
obaraeteriatio •ibrationa bave baan correlated in Xablaa 
?n»1 and VXI.2* In tba STabXa \rxi.1 »a bava raportad tba 
varioaa vibriitivna assooi^tad witb IIS2t 0»tM2 and CS3 
groups* £s o-taetliorlaniliQe and oHSXitbylaniliQa tba traluea 
of £f»B aysKBCtric stretobing yibraticma bava ba««i fca^ nd as 
3370 car'' and 336O caT^ r@8pactiva2jr vbaraaa tba values 
of 8-H asya^atric stratebing vibrations bava been obtained 
as 3h^ 0(9"^  and 3M«0 owT^ reapaotiveljf. fbe valtws of 
C-OSj atretcbing vibrations bava baeo observed at 7^ 5 car'* 
and 770 c«~^ in o-aatbylaniline and ai-aetbjrlaniline 
respectiveljr* tbe values of C-S stretobing vibrations in 
ouaitbirlaniline, a*attbylaniline and di*{aatbjrlaolline bave 
been observed at 1335 c«"^, 1335 ca*** and 1350 c«"^ 
respectively. It has been observed tbat in o-iastbylaniline 
and BKOTtbylaniline tbe nunber of vibrational frequencies 
observed i s aore as ooapared to tb^t of Si«aetbrlaniline and 
di*twtb/laniline. It atay be due to tb« fact tbat tbe 
2.b\: 
•yoMtritt of o-MtbyXanllio* and n-nttbylanlUo* arc 
lower &9 oompftTed to th« ugmsmtriMa of ii*9itbylaiilllo« 
and di*33»ibjrl4iDilio«* Tbe structural foraula« for 
tti«ao moUcuXos &r« sbown in the #ig« f l l . 1 . 
Ha tbe fsibl* VIZ.2 im batra raportad tba various 
obaracti^ristio vibr^itions assoolatad wltb OH and COQE 
graaps of slialXar solaoulos* lbs valuss of C-oa sytasstrle 
stratcbing vibrations In bensolo acid} pbtbaUo addi 
salloyUc acid and pjrrog^Uoi bwiti baan ctoa&rvad at 
795 csa-^ l 735t 790 c«*^| 760, 785 ca*^ and 760 caT^ 
raspaetivttljr* 0-H stretoblog vibration in pyrogalloX 
bas been c^aerved at J^kO em'^* Sbls vibration baa not 
been (^trvad In sallcjfUc aold t^ bare tba OS group Is 
preaant as a separata group* Tlsia may be dua to tba 
Interaction of COOB group witb OH group wbare tba affaot 
of GOOH group Is nor* prooounoad as ooaparad to OB group* 
Xba structural foraulaa of banzEOlo add, pbtballe add, 
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INFRARED SPECTRA OF METHYL BENZOATE AND BENZYL BENZOATE 
METHYL BENZOATE and benzyl benzo'.te are mono" 
substituted benzenes wherein one hydrogen atom in 
e?.ch of the molecules are replaced by -COOCH3 
and -COOCHaCgHg respectively in the position ' 1 ' 
of the benzene ring. The Raman spectra of methyl 
benzoate and ethyl benzoate were earlier studied by 
Biswas^, Matsuno^, Kolilrausch etal.^. Since a complete 
assignment of the observed infrared bands of methyl 
benzoate (MB) and benzyl benzoate (BB) has not been 
given by any of the e'lrlier workers^*. A study of 
the infrared spectra of these molecules in the liquid 
phase was nndeit?.ken to obt'.in detailed information 
about the fundaments.l vibrations in the ground stite. 
The infrared spectra of MB and BB, contained in 
a cell, has been recorded in the liquid phase in the 
region 4000-250 cwr^ on a Perkin Elmer double beam 
Infrared Spectrophotometer. The thickness of the 
cell was 0-025 mm. The chemicals (by B.D.H. Company, 
England) were of pure quality and were used as such. 
The observed bands are analysed in terms of various 
ground strte vibrations. 
Molecules of MB and BB are assumed under C„ 
symmetry where the thirty normal modes of vibrations 
can be divided into 11, flj type; 3, Oa type; 10, bi 
type and 6, b^ type modes of vibrations. Along with 
this there will be some internal vibrations due to substi-
tuents. The analysis of bands and the assignment of 
fundamental frequencies have been proposed on the 
basis of comp?.rison with those of- sirriilar molecules. 
The assignment of the fundamental modes are given 
in Tible I. 
C-C Ring Stretching Frequencies : Amongst the 
C = C stretching, frequencies 1000 cm~^ in both the 
compounds are identified as rii^ breathing frequency. 
Along with this, the frequencies 1313, 1450, 14?0, 1580, 
1600cm-i ajid 1310, 1450, 14?5, 1582, 1600cm'^ are 
assigned as the other carbon stretching frequencies for 
MB and BB, and cojrespond to 1585 (e,„), 1485 (CIK) 
and 1310 (62*) modes of benzene. 
C-H Stretching Frequencies: Sharp and very sharp 
infrared bands appearing at 3000, 3033, 3063, 30^0 cm-^ 
and 3005, 3030, 3064, 3090 cm-i have been considered 
due to C-H stretching for MB and BB respectively-
C-H Bending Vibrations: There are four very sharp, 
sharp and broad bands for both the compounds at 
1025, 1070, 1110, 1175 cm-i in MB and at 1021, 1065, 
1100, 1172cm-i in BB which may correspond to C-H 
in-plf.ne bending vibrations. The bands observed 
at 802, 820, 845, 932, J>65 cnr^ and 800, 820, 840, 880, 
908 cm~i may correspond to the C-H out^f-plene 
bending vibrations for the respective compotinds. 
TABLE I 






X = COOCH, X = 
218 (5) D 
360 (4) P 
679* (2) Pi 
808 (0) 





1003 (10) P 
1028 (4) P 
1064(2) 
1111*(3)P^ 
1160 (3) D 
1277 (8) P 
1311 (3) P 
1452* (2) Di 
1495 (2) 
1591 (1) 
1603 (10) D 
3073 (5 b) P 
COOCH^ 
258 (4, s) 
335 (7, vs) 
359 (5, s) 
475 (4) 
519(2) 
685 (9, vs) 
802 (5, s) 
820 (9, vs) 
845 (3) 
932 (5, s) 
965 (8, vs) 
1000 (4, s) 
1025 (9, vs) 
1070 (9, vs) 
1110 (10, b) 
1175(9, s) 
1280 (10, b) 
1313 (10, s) 
1450 (10, s) 
1490 (7, vs) 
1580 (7, s) 
1600 (9, vs) 
3000 (6, s) 
3033 (6, 5) 
3063 (6, s) 
3090 (6) 
X = = 
COOCHj 
CjHs 
263 (4, 6) 
330 (3) 
355 (3) 
454 (4, s) 
595 (5, vs) 
705 (10, b) 
800 (5, s) 
820 (4, s) 
840 (3, s) 
880 (3, s) 
908 (7, vs) 
1000 (6, s) 
1021 (10, vs) 
1065 (10, vs) 
1100 (10, b) 
1172 (9, vs) 
1260 (10, b) 
1310 (10, vs) 
1450 (10, vs) 
1495 (8, vs) 
1582 (7, vs) 
1600 (8, vs) 
3005 (7, vs) 
3030 (7, vs) 
3064 (7, s) 
3090 (5, s) 
,Assign-
ment 
6 i ^ ( C - X ) 
6 1 ^ (C-C) 
ay a (C-C) 
6 1 ^ (C-C) 
fll a (C-C) 
6 i ^ ( C - C ) 
by (y C-H) 
bi or by 
y (C-H) 
by y (C-H) 
by y (C-H) 
62 or b; 
y (C-H) 
ay V (C-C) 
ay p (C-H) 
ay p (C-H) 
fli^(C-H) 
ay j8 (C-H) 
fl, p (C-H) 
ay V (C-C) 
ay V (C-C) 
ay V (C-C) 
ay V (C-C) 
Uy V (C-C) 
ay V (C-H) 
ay V (.C-H) 
fli V (C-H) 
ay V (C-H) 
Note : Values in parenthesis refer to the relative 
intensities, c = stretching, j8 = in-plane bending, 
y = out-of-plane bending, a = in-plane deformation, 
^ = out-of-plane deformation, s = sharp, vs = very 
sharp, b = broad, * = polarisation df.ta taken from 
Biswas, ** = frequency taken from Bisw<>s. 
C-C Bending Vibrations: The infrared bands at 
335, 475, 685 cttT^ and 330, 454, 705 cm-i are assigned 
as carbon ov.t-of-plane bending vibration. Moreover 
the in-plane carbon bending vibrations may be identi-
fied at 359, 519 cm-1 in MB and at 355, 595cm-i in 
BB. 
Present av.thors assign tentatively the sharp bands 
258cm-i rnd 263cm-i due to C COOCH3 and 
C-COOCH2C6H5 out-of-pl=ne bending vibrations for 
the MB and BB. Internal vibrc.tions of tlie substi-
twents were not obseived due to the lirhitations of the 
instrument. 
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IVf.Z.R. Khan for his kind interest and encouragement 
during the course of the ' work. 
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Vibrational Spectra of o-Methyl Aniline, m-Methyl Aniline, N-Methyl Aniline 
& Dimethyl Aniline 
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Infrared absorption spectra of o-methyl, m-methyl, N-methiyl and dimethyl anilines in the liquid phase 
have been recorded in the region 4000-250 cm~i using a Perkin-EImer double beam infrared spectrophoto-
meter (Model 521). The analysis of bands and the assignments of fundamental frequencies to different modes 
of vibrations have been proposed considering o-methyl aniline and m-methyl aniline as belonging to C, point 
group while N-methyl aniline and dimethyl aniline as belonging to C j , point group and also on the basis of 
comparison with the assignments of modes in similar molecules. 
1. Introduction 
Several attempts have been made tc study the 
various types of spectra of aniline and its substi-
tuents. Evans^ and Flett" have reported the infrared 
(IR) absorption spectrum of aniline while Sharma 
and Dwivedi' have recently studied the vibrational 
spectra of chlorinated methyl anilines and presented 
a complete vibrational analysis identifying the funda-
mentals and their modes of vibrations. The IR ab-
sorption spectrum of toluene has been reported by 
Pitzer and Scott* and Fox and Martin.* Extensive 
IR studies on chlorine substituted toluene have been 
made by several workers.*"" Similar studies on the 
il ree isomeric methylanilines have been made by 
Puranik et al}^ Puranik et al}^ studied the solvent 
effects on the IR and Raman spectra of methyl anili-
nes. They obseived the change in magnitudes of N—H 
stretching and N — H in-plane deformation frequen-
cies in 0-, /n-methyl anilines, p-aminoacetophenone 
in solutions of pyridine, dioxane ai d cai Ix . tetra-
chloride. The ultraviolet (UV) absorption spectra of 
this compound and other aniline derivatives have been 
studied by Remington^' in the liquid phase. Its UV 
absorption spectrum has also been recorded in the 
solution of iso-octane and water by Tischler and 
Nelson.^' Freymann et al.^*'^^ studied the IR spec-
trum in the region 0'8-1'2/i. Raman spectra of o-
and OT-methyl aniline have been reported by Herz 
and Kohlrausch.*" Biswas '^ recorded the absorption 
spectra of three isomeric methyl anilines in vapour, 
liquid and solid phases and studied ihc changes in 
the absorption spectra with change of phase of the 
substances. Since much remains to be done on the 
IR vibrational spectra of o-methyl aniline, m-methyl 
aniline, N-methyl aniline and dimethyl aniline, the 
present investigation has been undertaken to give the 
complete vibrational assignment of the frequencies 
of these molecules which would be helpful in the 
analysis of electronic spectra of these molecules. The 
results of the study on IR spectra of o-methyl, 
OT-methyl, N-methyl and dimethyl anilines along with 
the correlation of the Raman and IR frequencies of 
0- and /M-methyl anilines are reported in this paper. 
2. Experimental Procedure 
The specpure chemicals used in the present 
investigation were procured from the BDH Co., 
England, and were used as such. 
The IR spectra, were recorded in the liquid phase 
by using a CsBr liquid cell of thickness 0025 mm 
on a Perkin-Elmer double beam infrared spectro-
photometer (Model 521) in the region 250-4000 
cm-*. Scan time was 32 min. Accuracy of frequency 
measurement is ± i cni"^. 
3. Results and Discussion 
The molecules o-methyl and /«-methyl anilines 
are disubstituted benzenes. In o-methyl aniline, two 
hydrogen atoms of benzene in 1-and 2-positions are 
replaced by —NH» and —CH3 groups respectively 
while for /w-methyl aniline, these are replaced by 
— NH2 and —CH3 groups in 1- and 3-positions of 
benzene. N-methyl and dimethyl anilines are mono-
substituted benzenes. Here one hydrogen atom of 
benzene in the position I is replaced by — NH 
(CHs) and — N(CHs)» groups respectively for N-and 
dimethyl anilines. If each of the groups — NHg, 
-CH3, -NHCHs and -N(CH3), is regarded as 
single mass point and lies in the plane ot the mole-
cule, the molecules o-methyl and /n-methyl anilines 
may belong to C, point group and molecules 
N-methyl and dimethyl anihnes to C», point group. 
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The traces of the IR spectra of these molecules in 
the liquid phase are reproduced in Fig. I and 
wavenumbers of the bands along with their probable 
assignments are given in Table 1. 
N—H stretching vibrations—The occurrence of 
N—H stretching vibrations in most of the primary 
aromatic amines was established by BelP and Ellis.^' 
According to them the N—H stretching vibrations 
appear in the range 3300-3500 cm~^ The first of 
these, which is due to the asymmetric stretching 
mode, is usually found near 3500 cni~\ and the 
second, which arises from the corresponding symme-
trical mode, near 3400 cm~ .^ Both of these are sub-
ject to small changes with alteration of the polarity 
of the solvent, and to rather larger changes in con-
centrated solutions in which intermolecular associa-
tion can occur. Intramolecular bonding also lowers 
these frequencies. Infrared bands at 3370, 3460 cm"^ 
and 3360, 3440 cm'^ have been assigned as N—H 
stretching vibrations for o-methyl and m-methyl 
anilines respectively. The first value in each case 
corresponds to the symmetric and the latter corres-
ponds to the asymmetric stretching mode. Raman fre-
quencies for these two molecules are 3374, 3451 cm~^  
and 3370, 3455 cm~* and provide a proper basis for 
the above assigned frequencies for N—H stretching 
mode. It was not possible to assign the N—H stret-
ching frequencies for N-methyl and dimethyl anilines 
as the secondary amines show only a single N—H 
stretching band in the 3200-3500 cm~^  region which 
is also subject to small changes on hydrogen bond-
ing while tertiary amines do not show any N—H 
stretching frequency. 
NHa scissoring and twisting vibrations—^The scis-
soring (symmetric deformation) vibration appears in 
the range 1590-1650 cm"* in most of the primary 
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C-NfCH5)2 bending o-p. 
C—NH(CH3) bending o.p. 
C—CHs bending o.p. 
C—NHj bending i:p. 
C—C ring deformation o.p. 
C—C ring deformation o.p. 
C—C ring deformation i.p. 
C—C ring deformation i.p. 
NHa wagging 
C—C ring deformation o.p. 
C—H bending o.p. 
C—CH.1 stretching 
C—H bending o.p. 
C—H bending o.p. 
C—H bending o.p. 
C—H bending o.p. 
C—H bending o.p. 
C—H bending o.p. 
Ring breathing 
C—CHs Rocking 
C—H bending i.p. 
N—H bending o.p. 
C—H bending i.p. 
NH2 twisting 
C—H bending i.p. 
C—H bending i.p. 
C—H bending i.p. 
C—H bending i.p. 
C—H bending i.p. 
C—C ring stretching 
C—N stretching 
C—H symmetric bending 
(in CH, group) 
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line, TM-Methyl aniline, N-Methyl Aniline 
Dimethyl ani'ine 
Infrared fre- Assignment 
quencies 
cm""! 
1440(3,^ ) C-^Criftgstrefehiuj 
1455(5) C—H asymmetric bending 
(In CH3 group) 
— C—C ring stretching 
1480(8) C—H asymmetric bending 
(in CH3 group) 
1500(10,8) C—C ring stretching 
1510(10,s) C—C ring stretching 
1600(10,b) C—C ring stretching 
— N—H bending i.p. 
— NH:, Scissoring 
2870(8) C—H symmetric stretching 
(in CH3 group) 
2930(8) C—H asymmetric stretching 
(in CH3 group) 
2970(8) C—H asymmetric stretching 
(in CH3 group) 
302S(7,s) C-Hstretchin; 
— C—H stretching 
3060(6,s) C - H stretching 
3090(5.s) C - H stretching 
— N—H symmetric stretching 
— N—H asymmetric stretching 
(he parentheses refer to relative intensities on a scale of 10; s, strong; vs, very strong; b, broad; sh, shoulder; 
bs, brbad itront; ws, weak strong; Snd ' w, weak. 
aromatic amines. Evans^ has assigned the frequency 
1618 cm~^  in aniline and Singh et al^ have assigned 
the frequencies 1617, 1617 and 1623 cm"^ in o-, m-, 
and />-chloroanilines respectively to this mode. In 
the present investigation a strong band and a 
shoulder at 1650, 1635 cm"* are assigned as NH2 
scissoring vibrations for o-methyl and wj-methyl ani-
lines. It Was hot possible to assign this vibration for 
N-methyl and dimethyl anilines due to lack of NH« 
group. 
The infrared bands 1060 cm-* and 1075 cm"* 
may be assigned to NHj twisting vibrations for 
o-methyl and w-methyl anilines. Raman frequencies 
for NHa-twisting are 1081 cm-* and 1077 cm"* for 
the above two molecules. Sharma and Dwivedi* 
have assigned the frequencies 1081, 1071 and 
1064 cm"* in 2-chI6ro-6-methyI, 4-chloro-2-methyl 
and 5-chIoro-2-methyl anilines respectively to this 
mode. No band of this mode is assigned for N-methyl 
and dimethyl anilines. 
NH, wagging vibration—^The NH» wagging vibra-
tion is analogous to the inversion mode of ammonia."* 
The infrared band corresponding to the inversion 
mode of ammonia is observed at 950 cm~*. In methyl 
amine*' this band is located at 783 cm"* and in ani-
line at 660 cm-*. In the present investigation, the 
frequencies 580, 550 cm"* have been assigned to NHg 
wagging mode for o-methyl, «i-methyl, anilines 
respectively. Raman frequencies for this mode are 
579, 543 cm"* for the same two molecules. Sharma 
and Dwivedi* have also reported the NH» wagging 
vibratioii. 
C—H symmetric and asymmetric deformation fre-
quencies (in methyl groupJ—There are three CH 
deformation frequencies in the CHs group. Out of 
these, two asymmetric vibrations are observed in the 
region 1430-1470 cm"* and one symmetric vibration 
observed near 1370 cm"*. This region of the spectrum 
is fairly complex because of the presence of the two 
compolientS of 1485 cm"* (eia) C—C stretching 
vibration of benzelie in addition to these vibrations. 
Jn the case of o-methyl aniline, infrared bands 
1490 cm-* and 1375 cm"* have been assigned as C—H 
asymmetric and symmetric deformations. Corres-
ponding Raman frequencies for the same mode are 
1487 cm-* and 1376 cm-* respectively. For w-methyl 
anihne, these same modes have been assigned at 
1472. 1440 and 1372 cm-*. The first two bands are 
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C—H asymmetric while the latter is C—H symme-
tric deformation. Raman frequencies for asymmetric 
and symmetric deformations are 1480 cm"' and 
1377 cm-' In the case of N-methyl and dimethyl 
anilines, bands 1375 cm"' and 1390 cm~' have been 
assigned as C—H symmetric deformation vibrations 
lespectively. Moreover, bands appearing at 1450 cm"' 
for N-meth}l aniline and at 1455 cm"' and 1480 cm"' 
for dimethyl aniline are assigned as C-H db>mme-
trie deformation vibrations for the two molecules, 
C-N stretching frequencies—Colthup** has given 
the following correlation for aromatic amines. A 
strong band appears as follows: 
Primary, 1340-1250 cm"'; secondary. 1350-
1280 cm-'; tertiary, 1360-1310 cm"' Verma" has 
assigned this frequency at 1320 cm"' for w-fluoro-
aniiine. In the present investigation, the infrared 
shoulder and bands 1345, 1335 and 1365 cm"' have 
been assigned as C—N stretching frequencies for 
m-methyl, N-methyl and dimethyl anilines respec-
tively. The N—H stretching vibration has also been 
reported by Singh et al ,® Verma et al.^ and Sharma 
and Dwivedi * 
C—NH2 in plane bending vibrations—In the present 
investigation, weak infrared bands 355, 355 cm"' 
have been assigned as C—NH2 in-plane bending mode 
of vibrations for o-methyl, w-methyl anihnes res-
pectively. No such bands of this mode are possible 
for N-methyl and dimethyl anilines. 
C—H symmetric and asymmetric stretching fre-
quencies (in methyl groupj—Sharma and Dwivedi^ 
have studied these modes of vibrations for a series 
of substituted anilines Present authors assign the 
infrared bands 2855, 2855, 2815 and 2870 cm"' 
as C—H symmetric stretching vibrations while the 
bands 2970, 2910 cm"'; 2970, 2920 cm"'; 2980, 
1930 cm-' and 2970, 2930 cm"' as C—H asymmetric 
stretching vibrations for 0-, m-, N- and dimethyl 
anihnes respectively. The infrared C—H symmetric 
stretching fiequencies are correlated with the Raman 
frequencies 2871 and 2869 cm"' for o- and m-methyl 
anilines respectively. 
C—H stretching frequencies—In aromatic mole-
cules, C—H stretching frequencies appear in the 
range 3000-3100 cm"'. Jt is assumed that the fre-
quencies 3020, 3050 cm"' in o- methyl aniline 3010, 
3030 cm"' m w-methyl anilme, 3020, 3050, 3080 cm"' 
in N-methyl aniline and 3025, 3060, 3090 cm"' in 
dimethyl aniline are due to C—H stretching vibra-
tions 
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Laser Raman and i.r. spectra of 
l-fluoro 2:4-dinitrobenzene 
A K. ANSARI and P K VERMA 
Physics Depdrtment, Aligarli University, Aligarh 202001, India 
{Recenecl 15 Nouembei 1977) 
Abstract The laser Raman and ir speUia of the liquid l-fluoro 2 4-dinitroben/ene are investigated 
Depolarization ratios of the Raman lines have been calculated Vibrational frequencies observed in both 
the spectra have been coi i elated and assigned to various normal modes of vibrations assuming Q symmetry 
for the molecule 
INTRODUCTION 
Their spectrum ]-fluoro2 4-d)nitroben7ene molecule 
was recorded by VERMA et al [1] m the liquid phase 
Raman spectrum of this molecule was not lecorded 
earliei Depolarization ratios for the normal modes of 
vibrations were also not known for this molecule 
Therefore the exact symmetries of the fundamental 
modes of vibrations could not be assigned accurately 
Hence the need was felt to lecord the laser Raman 
spectrum of l-fluoro 2 4-dinitroben7ene with the help 
of polarizers Polarized laser Raman spectra m the 
perpendicular directions were recorded Depolariz-
ation ratios of the Raman lines are calculated by 
measuring the intensities of the lines at perpendicular 
polarizations With the help of the depolarization ratios 
we are able to confirm the exact symmetries of the 
normal modes of vibrations The i r spectrum of this 
molecule m the liquid phase has also been recorded 
in the region 250- 4000 cm" ' Vibrational frequencies 
observed in both the spectra are correlated and assigned 
accurately on the basis of depolarization ratios of the 
Raman hnes 
Table 1 Laser Raman and ir vibrational frequencies of 1-Huoro 2 4-dinitiobenzene 
and their probable assignments 
Raman 
frequencies 



































































































































C—C deformation, o p 
C—F bending, o p 
a fundamental 
C—C deformation, o p 
NO2 rocking 
C—C deformation, 1 p 
C—C defoimation ip 
C—C deformation, 0 p 
C—F bending, 1 p 
C—H bending, 0 p 




C—H bending, 1 p 




NO2 symmetric stretching 
C—C stretching 
C—C stretching 
NO2 asymmetric stretching 
C—C stretching 
C—C sti etching 
C—H stretching 
C—H stretching 
The notation used to refer to the relative intensities is as follows o p = out-of-plane 1 p = in-
plane s = stiong, vs - very strong, b - broad 
35 
36 A K ANSARI and P K VLRMA 
EXPERIMFNTAL 
The specpure l-fluoro 2 4-dinitroben/ene was procured 
from the B D H Company, England and was used as such 
The laser Raman spectrum of the liquid l-fluoro 2 4-
dinitrobenzene was excited by the 5145 A krypton-argon ion 
line of a Spectra Physics Model 164 lasei with power 700 mW 
and slit width 3 cm"' , and was recorded on a Spex Model 
1401 Spectrometer The photomultipher used was made by 
RCA C-13034 (cooled) and signal was monitored by photon 
counting Time constant was kept at 0 25 sec and scanning 
speed was 100cm"' per mm The frequency accuracy is 
±2 cm"' 
The 1 r spectrum of the compound under consideration 
was recorded m the liquid phase by using a CsBr liquid cell 
of thickness 0 025 mm on a Perkin-Elmer double beam i r 
spectrophotometer (Model 521) in the region 250-4000 
cm " ' Scan time was 32 mm and the frequency accuracy 
±1/2 cm" ' 
DISCUSSION AND ANALYSIS 
The molecule l-fluoro 2 4-dinitrobenzene may belong to 
Cs point group having the plane of the molecule as the 
only element of symmetry Between the two types of vi-
brations, a vibrations are totally symmetric and give rise to 
polarized Raman hnes whereas a' vibrations are anti-
symmetric and give rise to depolarized Raman lines 
All the vibrational frequencies observed in laser Raman 
and 1 r spectra of l-fluoro 2 4-dinitrobenzene molecule are 
assigned in terms of fundamentals and combinations In this 
note we present only the fundamental vibrations of the 
molecule in Table 1 
While making the assignments, assistance has been taken 
from comparison with the assignment of benzene by 
HbRZBERG [2], 2-chloro-4-nitrobenzene and 4-chloro-2-
nitrobenzeneby VERMA et al [3], nitrophenetol by MATHUR 
et al [4], 0-, m- and p-fluoro-chlorobenzene by KRISHNA-
MACHARI [5], m-fiuorotoluene by JosHi et al [6], m-
difluorobenzene by RAO et al [7], and p-difluorobenzene 
by FERGUSON et at [8] Table 1 is self-explanatory We 
shall, therefore, discuss only some points here 
One vibration at 840 cm ' in Raman spectrum and at 
835 cm ' in 1 r spectrum may be assigned to C—H out-
of-plane bending mode of vibration But the Raman line at 
840 cm" ' IS totally polarized Therefore this vibration 840 
cm" ' has not been assigned to C—H out-of-plane anti-
symmetric mode of vibration However, this vibration is 
taken as a fundamental vibration 
It was not possible to assign NO2 rocking frequency in 
Raman spectrum The strong frequency at 445 cm" ' in 1 r 
spectrum is identified as NO2 rocking frequency Fie-
quencies observed at 1358 and 1546cm"' in Raman 
spectrum are ascribed to NO2 symmetric and asymmetric 
stretching vibrations, respectively Frequency 1358 cm" ' is 
polarized whereas 1546cm"' is depolarized and are corre-
lated with the frequencies 1350 and 1550 c m " ' m ir 
spectrum of the said compound 
A strong band at 1320 cm" ' in 1 r spectrum is attributed 
to the C—N stretching mode of vibration and is correlated 
with Raman frequency at 1326 cm" ' This frequency is 
totally polarized 
The C—F stretching is assigned at 1246 cm" ' in Raman 
spectrum which is totally polarized In 1 r spectrum this 
frequency is observed at 1235 cm" ' 
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